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Tilt 9i>«i«nt york d to i* i«it^i th^ studies m& the tntm* 
• e t l o n of rmdtom ii«iiiatod«, f|fflTl'm<f!imna VmAtQTWii *»« «»• 
r o o t r o t txnmn^ Mlmn^M!^ JSlASl on ©fgPlant w , Pteisa Pttrplt 
Lonnf anS thu « f f w t of eertatn factors on <!e7«lQfp««iit of th« 
dl3«ft9« »)BiE»l«»x« T*i® ii?'«S€BTe« of p#nlftePBi nm&3ito&9 anS the 
ftmi^as to«!f#t^ ®F In thpt s o i l rjot ortly a0v«VMtily sffaet«3l tha 
•Biapf>:«na» of aafistlin-'s but a l to th^ growth of nlaatt . *!OVOV*P, 
thora was no r-iit^'^iBl tll"»f©?rMcj9 in th« ?ixtmt of S«»a?« of 
Tilantss i n slmltanaons or s s ^ a n t l a l t?Joetilrttona with tha two 
patho^ttEUi* 
'.Ml@ stnijyla:: tha eff®ot of dlff«»-'«int aavlsroaaantal 
faotora on tiis claveloijmf^ nt of disease eotafilm^ th» :fotmf«p 
aaadlla*ia w?»ra fburd to be moT9. fWso«»ptlbl^  to danage by the 
tue wtiaa Inooulated sither inai'/I(dually or slRfUltanaoualjr, 
Aa the age of plants lncr®aa«?tl the dasia'^ t to plants In 
«)laaaae aoMplex altiiation (Sao^oasad, Dl'^ fe^ant nslxtnrea of 
elagrAlaak aoll ulth aand Influenaad the devaiopsseat of dlsaaae 
Qosplex to a Tarrlnt detreef vlth hlfhaat radaotlon la growth 
of plant! halnt obsArv»d In 4i0 olay^fan! and It? bleak aoll* 
aandi and hli^est wiltiplloAtlon of tha ntnatode la lt3 olay* 
•and and 4t0 blaek aoll-aaaS mlxtnree. Invariably, the imltl* 
ylieatlea of the aamtede naa nere la mixtarea of aeafl vlth 
blaek soil ft« oomptirtA to with elar* 
Wlth«i«fc B?K fjirtlllxtrt tht plantt mttmr^A aost with 
th« tw 9ftth0g<«is, '^th th« addltloti of IXPK fortlllstpf tho 
growth inprovod, Aftln In normal dos« of If P foptlllxtri 
with fSK th«r« vas ^eat^r dama^ t^ to pl'^ i^ ta vtian imoulatadl with 
th« tvo patho^«as« 
High«ft r»»<lQctloa in p^o'^ tb of plants In dl^ sgase eofB|»l«x 
slttiation oQou'^ r^ -'d at IJH 4,5 a»^  10,5. 
'Birmii'hout t'i» aeiifliwa tha tj^ -^^ nsne'-* 01"* fJin^s ad^wrsely 
affeet«d th«» r-tilfcipllcatlon of thg asri'tofla. 
th« t?'»atm«it of aaads 'Ath aKIicar^ Cat tha rata of 
^wJXOfs saatlfl) AvtH 1)8^ 1 ftta (at tha wita of %0t?g/10)? saada) 
ii!it»rov»d th« «»«r*!«rie« of ia«dliniira niifttsr blpnthosran aitaation 
and at tha sama tlaa r^ dnead tha nnnato^a potmXntlon* Siidlar 
affaet was obsarrad with traatnant of saads with tround-zut, 
Rustard and aaaai oll-oakas* 
Thara was sitneiifioant iaprovanaat in gfowtti of saadliiigs 
(both of inooolatad and nniaoonXatad iilanta) dippad far 90 
leiatitas in ^ p^reant ooneantretioa of axtraets of Mitstafd and 
T^m oil^oalEaa, i4ian tha tw oil-'^akas wars aeayarad, tha iiain 
Mka proTad battar both as saad traettnant and bara-foat^ips* 
Ovar ail tha affaat of bars root dip t^aatnant was battar than 
•aad %raat«ant, Tha roots so trantad with oil«>aak« axtraatt 
3 
failed to Attraet th« I«rf«« of th« n«wted«« 
Itio protono* of th^ fazij^s also aff^ ^otod tha siaa of 
tha faaalat with dalay in ttielr aatttFltF* Tda ao¥«iaat of Uia 
ii«aatoda was adwraair affaotad In tha prnsanoa of tha faniiaa* 
Tha eultura filtrate of tHf» fani*«» %ma fwinS to be toxte to tha 
larvae of th# na».^ to«!a a« t t i»f»i!ialt»a In their mortality ifhleh 
%m9 «llf <»etly oorralat*! with the ooneantratlon of the filtrate 
t<»«tf(! anrt the «!nwf«^ <» t5< 0^(!« 
**ien th** "nn-iis coM^ Kj'i^ int mrr^ **mlii.'r^l by th« r^tlture 
f*lltpat;e la the l:io« i^l, tlon, the ^To*4th of r)laats waft BXm 
aflvarsRljr affaot'^ d In thr t»!^ *^i«na0 of n«n'i*;o^ « anj^  tf«« mo^ a than 
the am&£itO'%@ aloie, *.?h© a«i^ f»irsa e»ff*f»t n? th'^  fnXtnra *lltrate 
deo^easefl with lncj?»«»a3# In fillntloa of th?» miltura filtrate. 
In brief th?? ntm^i^a s'now t'>afc r«ini*'o?'" nera^ to^ e and 
ahl»QtQala aoX&Sl to^ f^tther atmsn mxali mor«» 'Jaraa^ e to eg^aata 
than either of the pathofiens alonaf iihleh adds to fever ri^ K r^ta 
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WOHSE BENIGN BENEDICTIONS AR^ 
A TREASURE Qf MY LIFE 
'"^ •partiR f^it of lotansr, 
1^ilt If to c^i'tify that ^*T» •*a'rla«1«1i!i 
has woFkw! In t^dt f^ «pi«i»tp»nt a^ a ?<*aeh«sr 
•t''®ratlfrs fs** t'?^ ayaj^ of t'le 'l«--rc»® of ''*3'sto?' 
of 'iitloso^'jy *.n iotai^» 
D«jiaFtp*iit of '*»»tanif 
s i i ^ t ^ (Ti*!la>* 
I fMl I t ft mfm% WfiriX^lf to plae« on r«eord mf 
•ln««p« frfttltiKl« to ?pof* ^, K, 3ax«w, CKfiiro«ii, D«pftFtB«iit 
of ^tfti^, Allfaph »«a«ll» nfdT«Pilt3r, Allfai^, aor tmtohriwor 
for mj«'f«»»tlnf tho i>robl«?i, tnarnkTrntw^nntf aetlvo waprnt^wton^ 
lni'il?^n«f «niid«ac«| txsaful 41s<Kafiion» spltloal advle* and 
k»«n lnt«rMt thmufHottt wf r^wmrfih y^trkm Ifido«! I t 1« 
ffi^-natlt to i»iUtt fin oMl'^atl'^na that T oift to >of* '^ axwm. 
T as* ^ii#nl!f li^ Saht*!*? to w wtt«w«^ t«fleh<wp Vtr» ^hrar 
*% i<^ m?i» "^TTifrnw* '^ «it»ltet!ij ''^ «!5a-*to?'€«nfc of '^ otarcr, A,**.*?, foi* 
hla a«1vl©» m ulannlri'* thin w^Tk m^^ nliRS, fter hi» valtiabl« 
gtiT-^^stlont, lov'n an-l a'*f«etl'in "^"te*! ha»/« bf«ri a tvmntant 
nourett of lasiTjlratlon and o-^ ftotipairwaffat, 
Tt Is -rlth dlattnot piMStt-* and 1»«p 9«ms« of fratl-
tad« that I off«p m ti!ie«r« th&fiki to th« worthy iB«ri»«rff of 
tli« namf«i^t of Salf«ii <ioi^ «ii J^biio* qmAmfim Coll#f«| 
3ttrtiftii|Rtr ?*»,?• (qi]ad«R»lA 'It^ lehool Soei«tar, SorHfti^ or M»P.) 
f»r •poaaoFinr ats a T«Kioh9i* ^allov tisit!«r ^onltgr Xii970v«i«nt 
7*ro«rftiif!)« of VfAw<!tr9lty Qtrantt Cowilstioii, Wan Dillii, ^rttiar, 
I liava baan a for tuna ta raaaptflnt of traat anoonFftfanaiit and 
blaaata^a fipoii tliasa ktntf iMtpaoaa, 
Tliaalca, with iimaRaa plaaaiira, a^* ana to Dra* ff«^roo^ 
AitBf amtftaoi Hftq, ^9hi T^ iinnii, Hftatita maooA Khan, 
Kl^ * K* Att<|il* Am IQiaikt ^ * )^ i^ MOt* AliwiA Sid^i^l , Mr* Tilir«&t 
A* Hftii ftflA ot l i^ aaiX^A^^t «ili ^li«ilA« iasln^iiis M?* I^ « 9«^  
tliftFittuPt MP« t^ jTAaji AQA ^ . inbAiv Am tbv th«lr ttiMtr* 
liily &oA «oo9«i^Hoik* X «is al io ttiaiikf^ to Ovt. M. m j U 
iShmn^ UtmAdim shamA Sl^diqttl, Dhlp^ aAx'm ProKmsti «a!l Xtrar 
of ttioir pabliMtloae* 
I wm most «99r9el&tlvi» of tlio eoop«raUv«i attita^t itioifii 
!>7 w ooXioftpiM aneS ttudtnts at *iaif«a Hol^m 1tll>ll»« Quadopia 
Coll«f«ii lurhai^r M#?« nfto fa©a<! graat inmtxfmxi^nism In ny 
abf«eioa from tha ooUafra* I ais alto fl?rata(^X to ^r« ?• B» 
las?ap| •*-. ff« ?!, noivfa, Ml«i JSftlaat K. ''4^<Sl«|iil anS Ki». A« H, 
ftnaavi fbF ahoisld^HAf w 5P«»flponsl%llltiti bf offlolatlnff at 
f*vlnol|ial of th« eollaxa dtiMni? atiqr at ALlfai^i, 
HIO flauwiai wam^Tt in tha foni of 7aaoh«r F«tLloviilili> 
hf tlio !7niv«Ptltr Oraata CoBaitiioii, 1f«v DiS^ hi Is alae iMt*» 
fai iy aokapilaifai* 
X 10 alaa f » a t ^ ^ to Mr, Q. !!• AiMari» motegraptiar 
of tHo diparlMMl am Itr. Hurtaia Haaaii » IAAi^ , Artlat 
(aa»l*«r DipaHMSl) f\MP 9tiotott*i«iiio anS art mafic raa»aa«ivalr« 
l%rliiav« Z «iift ta aappaat w aliiaara auppaelatioa la 
Mr* MmtX S M M I I ^ trviiNt tlia aaaiaarift of tita l^aala* 
til«t«lai«t w i»fetli«p UtefHtfuidfa fur vAtttna* KBA Mtr i l lo* 
«oot«itttto% uiift«rit*!iSlii« aai aoval tnyiiovt «lif«raiti<Mit nr 
nml ir« I b«f to tipi^vM nr f(r«tlteiiA«i thimlcty Af^r** 
«l«tion Afil laSijbtiAaMi to t!i« umtmtf dcs) nfio pfovtitA Ann 
fQii^ «4 a l l thft ehanfMai to ymwk in eoliMlofi «!ii! oooFdlnettlofi 
to w»k9 this stodjr potflbX«« 
ffgffisro 
3, ixPtHiMErr^ m'^h'm 
'%l I f feet of q^teyl«aahQiti« yplff fr i^t ^^^ 
ooniUmUy on tn« «B«Fgfne« of •••d* 
• • • 
3.8 Xff««« ftf 4&fr«r4B% •Ixtnpof vf tl«r* 
Mall WlMii •oU.ogMfl on tli« 0imAm* 
•€tt% # f 4x941190 OOmSlOflC 99Mi9B IQT 
iftnm • • • 
3,e ifftot of wm tmHltm^B on IM 4of#» 
l«NMB% • f 4 l i M 9 9 f MMiaiMI «MI9«4 IHT 
l^ffO 
07|£i   99«d»
lint* of Ofgplant* •»« 4S 
^ ^ Sff^at of thvw9 dlffr*«nt Imaolun 
Iii7ttl9 of Hftferlanaliiilua fWiktWAj 
iOPftPHtiajr « *a* Mlgglftali JMliaL 99pfty9feAy on 
fch« fwiftn of •ffp3.«lt» «•• 48 
%3 Effect of laooalatttti tlio ••«tflliif9 of 
oiiolMit with f^ariiMhiiiliii^  fffliftnlff 
and ^ i M | » a t a fl^Mi^ Maaaftiftir anfl 
ooaeoBlcaiitljr oa iho irrewlh of 93.«iit«, 
ABB BOiatll^O 1NllPGdlft%IOB* • • • 9^ 
X4 Sf foot o f 9 f 9 o f 90«lllllff9 o f •fffVlWlt 




3.7 HI^Ml Of 10 9f toil 911 tll« ««ViS.OpK«llt 
of ^ o ditotio eoai^ oK o«tt««i Hr 
oglil& on^^plAatf Ma iMnatoAo poin^ 
%n Bffoot of tooS trottnoat idth «ldlofti% 
an! bavlsttii on tlio mm^mom of tooA* 
llm;i and «?rovt(i of offplant In soli 
^^**^5^ ^^^ ^t iy l iBfM| | rtatfmtli 
popdation ••• 82 
S*i3 
3*9 T f^faet of food ^oatii«sit tftlh diff«r«nt 
oll«oak«« on t^o «i«pg«8i<}«9 of toodlizifs 
a£S$ gro¥tli of oigi^ant gfoiia la ioil. 
SM&JSEOBBXM 
• «« 
t jUlHII^  and (o) a«ar dlaot oofilatMat 
m 
%W l!:ffoe% of fond tiPoatXKSit tflth vm%w 
soXttblo €fXt!faott of dlffopant oil*eakoa 
on tha ap^ «Pf«nj*<^  of «««dlitiff«f mM bara-
root^lp tmatisafit on ffoirfth of afiplaiit j^ ifoim In soil infastad with MIllioffiBllSU 
n«Batoda ponolatioiu ••• ^ 
%VL Tlsa vewilrad far eoppXattJSR tha lif». 
afgj^aist m fcha uratanoa of Bl i« i loMi , ^ 
JBliBt* ••• ^ ^ 
I,19 iffaet of (ft) aftf^lant aaadlinta lnfaot«d 
aaadlisfa difpad in otatara fllfcrata of 
m on »ova«an% of MMLSMlbSliMM 
• • • 
Iffoot of ottlCara fii«7ata of ^i^aattoaia 
m^JUL oa t;ha «MrgMiea of aaailinia oaA 
gffovtii of asgnlattt gtowi in foil lafaaftad 
HiHl SBiJBQjmmilmm rmlfyiTlIti *BA BMMIN* 
foao popaaiion« •«« imr 
I .U Bffaal of anitsro filtyata of %*tr^**lr 
miatk <Mi tHa nortailter of tua Imrmm • r 
4. Dj-KW'nim . . . xm 
liy^yppcTipw ^pm ^m;m Q^ , ay^AW^li 
%Mmwnxim 
1 
Chapt«r * I 
i^ -i^ s^© aaaistn* a*«!?ins r'0'<«r«lt, l'^ <^ 1'» ?n *:*i« ^^ nlt**! "tnt«!»3t 
'^ * n-'illii^ n lo^in'i C"mith(!«r ati*' 'aftiifil^  n ' ^ u "Qtn§'^ ®ry arr! 
valmtw ''^ ^ to '^i,m^i»lfmi mma ••<'^ -l^  an^  r-m-m^ IK,! alone 
In "JallfbTfAa t#hll© all«n an^  -^^ af'-r^ ntl (ti*?l) ^ttlR- tml total 
anifnial lo^ii^s ^«»iltln^ fi^ ia th# attaok of 'iW'^ i'al riOTuto(i«« In 
''l»n,A» to thi^ tun# »f to mlllloa <l<»Uai»s, 4e9oWItar» to ^Mlvna 
iiB'i5)^ th« lo««^«t 4ti« to plant n«!!-!4to«!«» on Yorlous emtis anioimt*! 
to ?50 f^mion ilolla?«« ^toHtn«on j | ^, iV^l) aaS Taylor (X'>«7) 
•sVm t«« th«B to b« <* «I0,0(»,000 anrt • !f?'*,'l!M F««noettv«ly« 
liOttM <hsa to ntmato^oa In fam «alti«fl v^« aeo^uit*! to b« yoptH 
* I,'>1B,g?4,3?K) In fl#l«! eroui (l/^ evo9a)| * ^0,1R%IOO in V9W* 
tabi« ovopa ( ^ «ffoiia)| * ^^,14S,§<30 tn fruit anri nat 
("ts m999) an4 • a9|ft|,7,<l94 In •i«Mr««itai orona t i l l orona) 
nnnaaily <i^il4iiaaatr j | i]^*,l^t)» Aniiiua ofop loaisaa ^la to 
2 
SiiMildMI i i m i %il«RviJ^«rf It^^ (>••• ^MA ••%iMit«l to b« 
DXy 80 •llUoii in DmMrk, € t vlUtoii In nwiUln an! Sffir 80 
• i U t o s ta mtwAm utH ••f«r«l MiUiott 40U«re la in«%MllJU 
AOMi^iat to ?idvi^ C S^O) tti« A»am<m oait««a !»r IdlSlJttBiBi 
^fflttiteB (3an«r, 1913) nilnlcv^ 3.^3 U ^flt PWdttaa (mm 
HABgimBMitk) rmartA frtim i!s,8iVh««tor« to H9»m/h99%Krth Slt%«ply 
ftxft msiiiliotii (I'lttn) r«9or%«i toM4»« un to ^ DSOa/ti««toi>« 'tn* 
to •«•««»• attoefc of ^^q|%CTBt XUfflHTOlU iSSll l ^Itiwo^, I'Mf 
in "icm^ CTayoliaK* T4is««t to «ciytl>««ii to tH« iix%«itt of KK 
(HooA, 3^ 168) and tobaooo to of $30 million annaftlly by nmm^Mmi 
hav« alio !»<»itt rifportifi (Bnatton, 1*»63)» 
itittioniilt tfif» «!mot fliifa?9« on Ioss#i <Su« to !tot»i jnohBluM 
r«lf&ga% UErfbF« !^»! Ollvidya^ 1940 «r« not avAtli3»l« bnt i t i s 
trail P900fnisiiS thet tlia nmmtxtam in raaponsibla for raftaaiiig tlia 
&V99 7lA<S to a fraat «ixt«i^ in toopiea and fabtpoplot (Saltti a»l 
TainoVt 194Xf 9t«iit«p, 119^ 1 Jbaaa j l iL»t l^^ Martin, UMOt 
i^rala, 1961 aal 1II69| jifaia anA fHairai, 1064f ^ir^fiiAd, ld6» 
and 19871 Bip«iifi4l8 aai ^aaa, I981| CHaaSrtalAirani 19849 
l irannA€ aal Srtattrt I98at lath j | j | ^ , 19^1 Ot^flH 1970| 
Ihaa ani fiian, Iftitt 8if«ftlMMr anS ^Idftia/iyi, Ii9f7t| ftattoa aaft 
ffawrartoai IfTSf Nwil^ nMUPaa i»iA fHnainaaip, l<y7«l ^attilla j l iL», 
19V8| Haild, V9f9 aal 3078t iNl^a j ^ g^ t^ ^^^1 <^to aaS tlalav^ 
187i| aaA Haa&i anA ttaftiii 1981 )• 
1% iSf lli«rafora| vaaogalaai toat ntaatodaa ara a tiaaa 
to «f«p 9P8i«a%laii n»t oalr i^ MH i»8MKt ^toaa toit • ! • • la 
3 
atioelafcl'^n Ath r>t1r»r cH"^(sas« oausln?; af»«ntt fniwlnT 'Slsfiai© 
<so'«pl#x«s, Th« llt«»ratii •« on iiit«rr«iltttio".shlp of nm todw 
•d.th oth®r '!ls«m'»# eausln' ' mnmitn l o t»i« dls(»as« Qoni>l«x 
3lt»i£itl'^n ha« b««ii i»«»vl«»«ffld >y "^v*!! Cl>''% I ' ? ! * aid b , ar»l 
• l l l w t'.'iPI)? '*ri^m^»!n (i'*^*^)! M.s'-h^p (ii^'^a*? ^rs«»'«>t 
( X ^ 0 ) | ^m-^mr^n f l ^ ^ h '*aTlOT« aTi i-'^in ( i n i ) | han (I'^^^llf 
:*i--»*n' ••pf^ f^ it <m'^ '7i^  o** nj^r'.tn'iai a«?fnf«l!; t «1 ; / t ' l v®-'^ *?-
"a I f f I T arr" o'-n'n ' .11 M.^1 | !•: 'Xii '^''^^rv'^ *'.''">• t f-'®r" «^*''® 
nxa'-'n.'itloti •^'* •»'iots n'^ t.H j^^ « nl :i'--^^ iO'/»v'^r, •H'l 'iot r®v<^l 
•:''i«i '»r«T«»T7P» of -•lot-^Tot n-"-* •• t*^®, -mt tilths »;«"<» '"r-in.! 
dar-es *«»ci wlt'i '*7-'^ t«-^ fc f 5-3 l i s , "^ ^ol t l on of Hf'*'-. •^*>i1«s frofT 
rntots and so l i J.T' '*' 'ini'-? froip root^ a** -runh gl.-.its In ' l ca twl 
a haavy Infos ta t ion U-YI i»i»i!df>rpl'"u,nt oomil t lon of lotvlMiehRiIm 
r,fllltamJL,f ^'^ Mlff<?^9nSa 12l&l^ '^i*»n- 'o*f«vnr, i n oth#y 
arMt m th« isafl5« '•!<»l'! /^^-^m th« rKj-vilntl^n o^ rtnl^or-m 
nm^todm wat Of>or, th« '^ ama-'# # ]« to **"^ 'ni«j va« not v^rv i l ^ -
nlfi-^ant. *t»fv»«. I t *^«>'»a?p«» n«»e«i<iarv^ to «!»-'H3f ^iith<»r t h l i 
a«^ff?>avat«) 4«»« *• lip.^  eaviial «- ^ ' J* tr» trit«raetlr»n of th« 
i»»»TlfowB ni«ato«5« a'lfl th« f^n-^n*!, - t th t'Hsi a i r In vim th« 
foUovlnff atp<*Qta tiava hmm% tttjdladlt 
4 
»3lar>l ra^arutely aa'i conoonI tacitly on t!i*» e'j:«5i»r!0i3o 
0? 360^1,1^,3 or er„T3lj^at. 
"^ ^ '^'^mt of fi'^ o© <Hrffi'int imr i l np X^.'PI^ of 
J» f-f^ nlL^ ii^ -^ Li t-*:^  2 . f i l i a l co-»-2"atf>ly on -rj-.^th of 
"^ ^ ^'^''^st of InomaX- tin'! t'lo n©??31ln'^ o of o^'nlant 
eoncoritGntljr ois t'm f^ rowth of nlcjstR^antl a€»!nfco5o 
4» "ffoot of or*o of oor€lln-'9 of or'crulGnt oa t^o 
^o^Qloic^cat of aiicaoo cocplos cauo?^ by 
'». :^foot of '11 ffoment rlL^tn-'os of cla7»3ca35 tU nk 
soil««5in« on Via <3c!'5fclopr'>it of dlrjeas*^ cor-jloig 
ur}""^  niiT*";tode nomil- t i ia^ 
?• "'^ *'®et of p'* n** ''I'^ll on t*i* ttfli7<»ionf'«it o** th« ''l?!^?:""^ 
5 
i , iff4i«% of ••«fl %r«ilni«at idtii i4aio«iti *al ti«vl»tia 
911 tii« •R«vi«M« of MMiltat* «ai fffoiflii of ogiplMt 
^vowi ill soi l iafootoS ^th J* £|fll£8SfLi A**) 
S XllAHL^c^^ noRBtodo popiiotloiu 
<!• Effaoi of • • 4 tr«ato<»iit witht 4iff«r«int olloOftlioo 
911 th« «m«pf«nQ<i of 99*>Allm» * ^ fvowtd of Off* 
pl^nt frown tn so i l infos <;«& vlth ^ y«riHHwit« trnd 
3» s a l m i , ^ ^ n«f»»atado oontiX'-tloiu 
10, €ffoofc of «##<J tr«(ifcw#sit sAtth wmt'^T solublo oitmotbo 
of dl^f«r«nt '^tl-eok^o ofi this t««!Pf«iio« of tooAlinfi 
#id bar#»wot-dlp tt»o«tfWiffst oa ff^'i#th of offolont 
ffonn In f*!! inf#«to4 wttfi J . rfHtf^ffili ^^ 3»ltt2jyal, 
aivl Bumito^o populaUoa* 
UU Tl»o ro<|iii!*«<l for ooitpioUnf tho l l f o evelo of 
J* m m u s l j l '^'^  ociplAiit ta fctio DPoooiiQo of !» JHlJlii* 
]M» tff^m of (o) of«»laAt oooiXlsgo iafoolioA «l«i 
J» AttMl (^) ofitfloat ooolitago 4i9»«i I A ei^turo 
fU^Nit« of ^ "^ ^^ f^l oai (0) AfMP iloo ooalftiiitaf 
Jl» M M I ®a Movf i»t of j|» fiHifiMllii 
Xa. Bffo^ ^ Ottltttro f U t w W of A» J t t M i •« ^ * 
iPMtiwio ^ i o i i l t u t «al ffowHi •# nngliiit i » 
6 
•oli Infwtud with S SmAJf^BOS^,*^ nmmU^9 
|>0|Kli&tiOfl, 
14, f^f«9% of milt«ir« filtf«t« of ^ Jttlial n^ th« 
ffiortalitjr of t • laiira« of 1. gfTtt„fkiI!BlJl* 
BYlFitf QT hlUUWm 
7 
ovt^iitMit in M i l ia^iKitat t i l* pi^sof«itt« «»•• aal M fiiili 
tiit«r«et Hi id mth 9tli«rt iMlm i i it«f««ttiii in tH« to l l ttiir 
eft«ii m$grmwfk%9 thm 9yt^%tm9/^mtmM^» Moat of tti« oftfir ^ i ^ 
r*l6ttts to int«pftQtioftt of i}«B%to4«f vttH (Unfiy )»ae%«riA and 
vl?it««t «li*«»l7 icaovii &• t»l.«nt 9«tho<?«»s« %v«v«»9 r«e«Bt tiork 
In tlio t!»%A* has iitovm eiimt tono saB^ t^oios I>a7tioi0,afi3r| 
US&SMMXM *P^* ^^^ tJiMit* ^tam^m W mil ftntgi «^ioli aro 
nofnally tm% ataoaiata^ with rslmnt <tl««ati»a (KalanSat aaS 
'^owiil^ 196^1 and 'bvail j | i L * , WtfDi this faot ha«| ttoaraforOf 
lad to miltipathofanio eoaoapt of dlsaaaa. staoa th« f l r t t 
r«aor4 of Itttapaetlon batiiwan nassato^a ami fVinpia ! • • • , 
lULtlMfiQIi SfP* *nA ]^i^ftyt.|n ixtikm «x f^»« aaiialfit «ll% of 
oot^on (Atid,iioo% I8»t}t aosai^avabla anoont of mWk h»» ^ mm 
Aoiio 08 thi t aa^aot lavolvlsg aavaval iMnatea** aaS ftuHSi* 1^« 
litaratnva tiaa \fm ravlonaft ^ PWM&X ( D M S | Idm* aai b, aal 
l«l7»)t l^tlMMm ( I 0 i9 ) | Moaataltt C38«S)| niaHav (196S» Mil 
liMlt)| Hilaaliar (It08ft}| aal Sa»f«wm (29ft)» 
% « i U Cism) oalaioHMi tiio ncMitoAo Aiagal vaUtIo** 
• U f a OS mo ^ a l « • f mrnt^mOMW of tha 4iaaaa« a ia j t , «r 
l^ni«A fa r t t « tlia HMmAm 9mm$m 
8 
i« 'Wisatod* • I'^nms wi l t <il'Q«fts«> tiito**aoti«insf 
*t« 1«matod« • i»*mn»i KK>t»wit d ls«i8» IntwmeUonsf 
"imm** in th» pr«»«!s#nt st«'U«ii th# ftm^al count'^rpart 
0 » g^la?:^ ^ f*»^f«^ ''•0'^ ^ '•ot of i3lait8, th© i-wvl^w of lltAT«~ 
cai:i'^ 1n» *r>r»t«i^t avrrssfeoiBt, 
ea'i'sw''' '"or^ t^^'^ntrn'^ti^r^ rot In itor" nis pat-'sr t 'lui 15© '*!m**us 
alon©, i«<»»to^plns03s an'' yala (l"*??) itnH««id -. i«» lnt*»raotlon 
of -mi:^^ * l^S!m2 JSMS >ah^ r , nil d t h 3r.«?t^8 of riJlgigalftrift 
of th* ftsn^ms. '^ ov«VCTi», tH# hl"^«»t d&«^ a^ « -^as o*^s#rf«(! w i^m 
'%aaHka and oy Cl ' ^D s t ' i l t t d tha #ff««t of 
(ICofbld ani M t a , ltX<») "THitnootl, I*>4'> on a^^rplant a?v! rapoftad 
tha t tha t i « |>atliO'#nf aot«ril ayTiarHstlcally in caaalns; dlaraa^a 
9 
a i ^ in ft® '^^rts*!?- of t^« ^in-^ui tH© i^'»T^'1tj»»tlon o** t?ii« 
*i«iiato"^# '#E}« «!»itti-»«» ,^ *1f*ttt?i«*l ,^ %*»»ii««5r Cl'>«''l'> *»'-.»5,i»t't«^  
th!*0« wte'ss tsriof to lf»«til tl-iri -ittfi . i | laifi . taaia &a&a.ti,^j.i^ 
t'\-^'W^ ::. KPifllfnostn' ^*f«at of n«Er..ta'! "^ f on t' »'? iiX;_its to 
!• %^..paf?yitaxiiM. C*«r?r. and '^ •»»,) ^anH, on to»eto Cn»inn anr! 
'^ i r t#«, l'-^ ^^ a**! '>!nn, l.'^ <'*^  a-i4 vm) m^, z* inm'^fA^ Mt»i 
C^«it«#i, V^'H) min^m aiy' "«li.-"t#lcli., 1141 m*^ 3 , jjoifffi 
tac^ t^^ KSMf oan^ii^ ooyigl-'fOTii'il,© f ^ i « t l o i i In th*» «?Poi«rt*s of vinteap 
wtit»t a s «0F'9a''«s«1 to th*it ^mii***! by tlth*f>i» of t^^ -^ethoifim* 
• l o n t (^%niit«ln m^l i<wi«l!ot, 19SB), #irt*»«iit damaf^t &m9«& W 
!• ifildiai ^ my^m-n t n th« ot^tscn-}* of n w a t o d ^ (UtSk^lMMtk 
mm « i^|%lv«» mnwmmp^ 3« MHi . ii#iiMt«i £i«nato(l« pimaattoa 
10 
and tfi« d«<?«lo9Bi«fit of i« glvol?i«ff but I t s «fr«ot on 
J* ffl!ii^ti»4 was not v^r^ rmah j>yonotm<5«»d (Dav©, 1175). 
ytPld of io ta to« t ''w<?ul-'t«>rt with 3 , aola*^! a**! !!ia!»aljaai 
"""rvln*"* (1> .^'>) rwnnrt'sx! V-^&t t-'"i^st mssb'^r of a l f a l f a 
-^iFfjts lTtf#ot«'' #1th 'elol'^O'-ying '|^ ,t^ .?-,.ft ^'•jlt^modi, 1^41 an<l 
J . ap;iayi^ «*«-» v ' U ^ ' at -Hf-^ to 11^'^ t-han a t IsP^^^th^-fby 
!n ' ' !ea t tn? th.-'t t#»rRrt'S»i»atijri* '"»l«fa an im'Virt'nt irol« In U*»#a9« 
cor'^l«x ?'*-'i;stlon, '!v"t-f»r (1^*15 •^ iqoo '^t v? t ' i„t 3yn«»rsjlstlc 
«•jtfj'-ar'ti^n f)'•'s'rf*-»«»n _;., l^o .^nl ia a-T- _ . SQt^ .r^ l on cotton 
Inc** -<«K^  >4t'i ['.*•>9 Lnerta'^f* In pi.-"tl'ilf> sla^* Df t*T«» s o i l , 
"^well ari'l ia t t«n (l)^»7) arj! '^ ®l*nid'«a a'-»I 'otf«ll (I9f^ '!?) 
o>^ rjArv"=d ox«ns l ' ' # root n9Ci«o»l» in f i ^ cyjtuy® plants of 
to'^d<'oo i#^ .«»n IwcRsl t ton ©Ith*^? \#lth ^hlrfootor^a j^jlftisi, o r 
poot-Iciiot n«Rutodl«, 
n^l^m aiv! mn '^nndy (IW^) s t^di td r--* ln t«rao t lon of 
to»ftto aw! i»«pen«d tha t w. inoogaltf^ «nrtM««d oHftyyp^ g t n tha 
pamaab l l t t y of Infaeta* tcMMto roota T ^ n l t i n ? In fnoi"*aa«<l 
laaka^a of <aaotf>olyt«a and oi^anlo eo»potsa?1» \iHloh eontaqnantly 
tnovaaaad tha fiwwth of both th« ftin^t* in another study on 
11 
iii%«f«ouoii of E. UmxaSM •aa a, aolaal on t0«ftto WHA oitr^^ 
noUm ana %a ^n^f ( 1^5) o»>s«nr«S that R, i s U a l i«i«timt«il 
<51'-8«tl7 or tnr-itj.T'i th« ln,1ui'l»« ««tts«5 '^ y th« !Batii?*e **«Fal^ » 
of fi«iiiato<S« ari^ th« ffAll«^ ttsmKMi w««« '">«!51y ooloni»«! by th« 
^mn^s v! th th«i -^^'/dlonis^fit of sol«foU« on th«iB« 
'•as also '-^ ««»n obn r^vflid h«»-w«Mf"i ••vst n«»watni# an^ 3 , JKllildL* 
l!!2llsSiaiSiSlmS atpaK^^nt&ylng an^ 'g^IM^KM m<SMg|<?at *^»5 mot-
rot o ' -Tfar^^ftt ( '^ttnes^ an^ >Mn«s9>, ir i ' l ) and «. Inoognttft 
< \3a»*, 11'?'^), Tn fc'"!» I';*",«!• *•&««» wor« •'a'^ a''** -^ a*! alfo oHi«rv«»i9 
'«r'«n n-^ fp^ t^o'*!© ^'lofl'tlatl^n wa<? ^ollo'^*! '•>'.' '^m''*al, -oP''ln«d 
J» goifto^ <l«»fi4y «^ ^ , , n7^ ) an-' okra with ^ , Inoe^nita and 
ii. fSfJUtftnggifl ("^^rm ^tl AJLM i^ '^>> <^ a^ Js®f! ^^rmt^r aaaaj^a t^an 
«lth«p of th# pat'io^ftiis alont. '*'it, on th® oth*»r hand, Stiainwi 
ana Oiu ivno) faU#f! to *^»t int**a«»tl'^n S(»trf*#n 21» tnoo^nl^ 
1«n»l<1f and 'fanton {V*vr) r»ma9t«A <^rmLt«r t«v«i»l^ of 
ootW«»«f>f«n6« 4«it9in>?«off !n (cotton oatitai! ^7 j« JRdJfflL ^n tha 
l>r»««tioo of j j , tafgfUi^ maiM* t.lk-wtt« ^ • ^ n (li«0) 
f-oportiirt that tHo ^i^aaiiao* of 11, tnaogfiita ftftslll «••»»! t«4 In 
WOT9 iir#MMi#i»f«n<i« dft«9tat«off of ootton eaufioa hy Wiaai^mi 
12 
Taylor aafl » n i i * <1<»99) obf#rvfd that Immaatlon of 
|}l»iit« with foot^icnot tHMNito^ M, S ^^^MAQ^ (Trwib, lillS) 
C!iltiioo<1, 1<>41 anfl i«, lliBLft ^^ *^^  3* «Qltt«i o«w^ «<t froatir 
tiifldl^ris' Bixjr'taltty in layli^n tian «l*:H<^ r of fchi# two patHo«»«a« 
alf!»n«, A«7;ar4nil an^ ''^-oa^msi (lW3) '•*»poi»t<ie! thst tnexmlatloa 
srriat^p sxortallty of soyhisan nm^dlin-'^n thmn ?rr>«nlatlon tjy 
fiin»!ti?f alon« or t>oth ,#h#i«« f^ n^-^ ti?? sr-^ enflsil tH« ni»^to()o or 
••"r»hf?«l-1t, 1^1 '»#^ »T 'ir'*«?«nt ftO'''#t-^a-r '•att'*^ ?«o'*» 'lawa-w to 
siisrarbflmtfi (^H^* anrt "<!hn«»i<^ *ir, X'^ '^ i^ ^Irchrono'jonlos j ^ Jtl., 
I9<5r» a»1 "^ilyehTonoootiloi, rV70), 
f Twoulatad with 2* JSllii« ,lr,^ntei r!,fl^ i,iyifflai a?*' root-lowt 
n«fBatodo ( ^ l t « , L-^ ^^  airt ^W<!1<B , 11611)• Tnf^milatton of 
SaJHm laStiSi wt^ ^ *M9l<tftfar t^ JXSiOli '^oaiai, l^^ or«e«l«af 
A* JHijal •4Pi»ai t9or« root arif! Aofbliatton tHaa vhan toootilatad 
with ^ o tuo pfttHof'oni atniitanoonily or tooamtiiLy (Do*<;otiia, 
19111 )• 
tilo 9y»»«B0o of footolcnot nana tod • an! ^.alarotiiMi ralfal^ 
Saeo*, tArmnAr aff«ot«l t i« «ei«r««noa of tonato to«4Iliift 
(SHokia aaa 5vamv,tmm% and of Mtffi#lffir'iyiiffito frWHil^t 
13 
fllddiiiiy IMX anil 3« l iUfi i of MPtllflov#r •••tllln^t 
(Xhanjill^,^ 1171). 
^wm tiy i»«t»«»«*^#fr« '!»»f>ln«»-o**f of <^otton 'fi.nt to 
•^ ytHl-iii? n! ttwip van aff«?Taipat«*<! 'n *•>«! I>»<-»«K«I«?« of 2. «t^hachttl 
('•* l^tn(s ,^ 1171 afv* 1'>''4) ari^  »-hf» ''^t««lnation o^ <i*fBlant •««!§ 
via« v<»t^  woor tn eo»Hin«! ' •v>^nla*-i'5n vrtth ;;5, frntognlta atv! 
^hhab^a an?! "har^ ai <l'>*'l) r«»!50«t«1 -»'r»-t'»r i^ Mnrstlon In 
f'«? ^ '^T'^ lnation o** 9'>«^ » of Ab^ |.r'QgQ'^ ti,f ( H'^ltoi3f) ageuingitftt 
jhfm Z» '?Ttcoi»'nlta an' j , fo_it,j^ ?|^  w^ **® o'^ ^^ p^nfc to!T<pth«»'»» than with 
«»l m-^ r of t'te Tjat-^ o'^ ns alon<», 
a^nl^ oi»ifi n«»t«»<4to<t«» " n al«,o -^ -^ o^-^ t**! to •O'J*^  <5oRitit#x 
r#latlon9'^ltjs \t*t^ certain -w*! "^omm ftm^al pat^o-^^ns, 'ftai 
(l«»84)i Tonisf jjl ftX' Cl'^ S^ '*! '^•dr j l n i . (1W9)| aw? ^i?lii«t 
A& iL* (l''^4) r«r»ort»»d t>at tuvar'tr of ^laartua v l l t of eotton 
literaatiA In tha nr^^mem o ' %tT|i^ <?»^ illUa SSOMsm^* A^ lynaiw 
^qtlftlitwt Irttfwnithrill O«'^ T, X'^ OSI M. j^sosisayii H* i i i i l i 
oir JS* ^*mirtl <^ «i>l-t 1^ *^ )^ Chitiioo<3, I^ 4«l tn ootton Hat also 
bnan TwmvUA by ^fodla antf Coot>«i* (l'*^t),t 
T«lmlalum audi Siiiara ( l ^ S ) aotteaA that tha ^tamf to 
oottoa la tlia 9i> t«noa of 2« yaBlitoi^p and Vaiytiai^itiy ^ i i a f 
14 
latb wit mr% %hm ftddltlv*. »%r«»v«v, t'y intmMlty of wUt 
was Bior« In tiKi«t«rills«^ »oll at c»«t»ap««! to wh(Wi th# two 
t*>h«»rt «le»i»?»<?»TrAtffl isic^ nt !»• olaylrn? a t'smlfleiint rol» in 
t Is lner«a^». niirtlnrty, »ras«<!! an<f >'1««ptia»» (I'WO) oba«yT«4 
tvit J, rantfoymit »'ivunr!«id[ *-h# '/wtteilllijw wilt In al l th» 
^on" "^ott-n mafcivifs t^ fst**! via, , ^RDI»*?^, "'T)-'*?*^, llB»1?'f aryl 
^ ni.iffnltan*o>is l"io«'il .tton of «antalonw (^musartt ^aW 
^^ '^^  ^aeyoohoiBina i>ha9toll an*^  T-Anlfof* n«»aiaiio<1« con9i<l«i^Hly 
^.Imllarl/, AiiBur and "IvalcuB'ar (i?>81) notlo«<l that vh«m 
.:• rtTll.f^^Pli ^-^'^ S M J I H I ^*"« '^ '"^ n^fc to«!«th#y, okra 
^ 4t^ ,tlmiff,.^ i^ .g ftlSEIlLfiJiai) nlantn «ii-? i^©»f to wtlt at an «aFly 
stasra b«t rf*\«n fiw n?»«jato4# iir#c««1«<! ••ha fiiri'mt^Klltliif 
oeinirr#id ta-ll-T t'lan v'^mn tn# nlantt v«i*« tnoouXatadl f lr t t bjr 
t-5# f»m'nit» 
Ta opdar to tJHtlwitarH tha siiiiitimtwii tiif©|.v«« in t*!** 
(ntaruotlon of n«Beito4« am! t l* f>in«>a« dlit«itt eoftQl«% tht 
^^aet of miltwa m t i « t a on itanato^a an*! i»l«nt fiwiiftt) hat 
t>#an ^atawtnat) and tha raf i l t t •'•a eontm-flotofr (*aw!«t ana 
'#iai*toii9 V^m% ^m^omn^ V^m maA }S^m% wiwllar, vm*^ ?«rf aa4 
<;tliMUlt Vi8!l| Llnfoi^, 1*I31| '^i^aiav, llSOt '5*i«e^ awi «w1 CoiHlon, 
196% aaS $tHa«*M ani flliainna V^m), Tt t t ttiiiiilatorr <lita to 
15 
produetlon of fpovtfi pvomotiti''*, stiHttanQM (Frgui an^ 4iartoii, 
aciat, earbohjMya^^s a'T' or^'ilo •'?!'§ in th* «#taty>lltmi| and 
In'^liltopjr <^ i« to 'il'**i eoB'?««tNitlonf of SOBIII of th-§• rab-
»taine#8 an1 tua to »«itaballt« toxic to lisrato'la or ho«!t (^ Shartsa 
^ A l t nnr^^l I t l » <?l«!«t1» ^l^** t't)f» a'^ O '« t '-Tit J , T'^lfOIT^.f 
•Ions '^ofp rt!5pnl«»x 'lis^ w's*? «tl »''t.'^ n«hlps wttH '•*»*tatfi f'mH 
hut th# -^^ rk l-jni* lo **ap l<« ^ar Trnrf «?o«nl»t«», *%F«>^ *r, It Is 
Tot ''•nown #^'i«*-> -r J, y,#nt^ '>^ f>*l,^  Bf^-^ 2. 30lan| for« an^ r f*oimlmx 
•^<»fl'>M'^n3*">in)9 on ^^rtJlant, 
'*\i9'5aptl*illlty of a ol^nt to n^w-toda attack AvpmnAa on 
t o a'« of* f.h® plant ('*rl^fln an! unt, l"»7'>j 'Alyil, IT e^? Jaffna 
and l«al, W?^% DavltJa, l!>aO| ?'ar!i»oo4, l^ aOf and 'Hff la , 198i), 
arlffin aad '^^ mt (l'??'*) raoortai that as tha alfalfa 
plants baoona oliar, th« anaoaattbtlity to 'af««Uon Td.t»i 
!£• tnaognity la dawpaataa, '%ly<S (IT^e) Ino'^ilatad tomato 
•aadliiiia at tha ata of 1, % 4 and 9 vaalct wltH H* Jayantoa 
* ^ S ^Tfftff^^f * ^ oh«9Fv«1 that mii^af of <^Ui^«laiit ma 
lo%ra«t in th« pilftBta lno9tfl««ta4 at thu a«a of ona vaatcf t t 
tooraatadl at 4 Hitalr an-f ^aettnail fa t vaak ol«1 olanta, SlMlarly, 
tH« iroY]iif«p aaallliirt of arnHaa ^tmm aofa otvjna to attaok of 
fhpatorianai^ HilitrilH (Oo^^ lAlf), OHi%ifoo<l an<l Ot^fa^ 10Si 
16 
ifmt— an'l *<al, 1^79) mm of toi»to to i»«nlfop» noiBatod*, 
I>«vl4« (1>80) o*J5 TV«<S that population of la^ooholtia 
«ilffiilla (Co'^ h, 1913), rnopno, l'^ 44 uirofr»ssli?*ly ln«r«»s«<l and 
t'lat of S ti^ ffg|^ |tf^ 1#«5llii«a wlt^ i ato of niant Cavwirwflsh 
c'jltivap of baimna, nrl^'fla iV^^l) also ^wtl'^ td tn.it ol^«r 
fn^ar&««t t>iants ^^ro Imnt ttise#j>tl*»l« to % a<yhae>^ i^^  an<l 
f** s@i»dlln!^ » 3«it ©!n#'»s:#?! *'POBI ft^ ^^ plnatwd saads v«»»a highly 
stiaeaatlbl** 
itit oa t^ © eontrav^ fr^^e a!»» ?*f»nort» tH^ 'it tho a*** of 
th#i '-fjti^ t 9lant ha*! no ©""^ ot on V^» *iif#otlon i^\m to S lQ<to«^ nlt^ i| 
an4 ^. .tavayitea in tosnto nlanta (fia^tl* ani Trlantanhyllou, 
i'^^H ^*aloi<<Q? f^ i^ i^ t^ ^aniaiHt l'^ 6f5 In barely (Ormfawora, 
ITT?)I and Ji, iqooiml,^ in banana (Davl^a, 1^80), 
16 att«?mt haa b«»«n «a?!« >j^ «« to r^vlnv t*!* ltt«ratBr<» 
on t*ia aff «KSt of a^a of ho«t plant on tha 1avalopR<«it of funei^ 
ittaaata «hi«h ara nuB«iroiia (Hoth, 1143| Batanan and Lonadan, 
&il6S| Ma^ llaiift g^ ^.^ VffO% muAl j i l i * , Wf9% and CHoodlii^ jr 
audi Sftt«iiMr, lll?8)« iut no t^ jioh Infoiraation Is avalla^l* on 
tha davi&opKant of <!lg«aaa ooffipt«K Involving naiMitoda tkta fnagaa. 
SOIL f ! ^ i 
Haiai liala9»iaQao«ia In natnv^a, sotl Influanoa tha 
n«Mtfti« f»9ia«1liMi tn a f«Fiatr of varai fvr tnatanaaa 1% 
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«b«olit «li« dif tri%»anoii of mmmtoim (Saiivry I§Mt Oo«t«iiibriiili 
XiS4t ^t ld anS Lid«p, l^ SEli tUcMwMa KB^ LtaVf 199»| o*i*ai»ii 
UoB <atliib9i*tt| X«»9e| Tar j«ii| X<)ftO| SEiM* ftaA i%i| 1^ 1611$ Aiiitt 
Jkl^ il«ff ^^^t %ii^Ui«9 l^ nSf tlBiiB«(i«al, Vm^ mi»^ X17^ 
f^adl m^fmtfiA lir soil tyi»« a*1 t«»t»r<» la whl^ th# host f»wt 
??a»i«r (l^^) obae^vtfi that ;^ » ^no^fnm ISt&SA <*^  
E« l2SldA P^ si>o!idl<i3 w«itlX In BMS^W Xoam sotX as eoifiiMiPfiA td h^ Qi^  
eXar «>llt» SlBlXarXyt Tlio«atoa eaS L^ at* <X S^9) aafl o»'Bannon 
Aft^ le5n»X6t (X16X) rr»rt«a that M-^ t^fe mltlpXlotion of 
1* ia^aagaitf iatUlt took pXaea t& th«i ooarta eiHCtuvflS ioiX aaiS 
Xaast la ftaa t«itar«ft Xoae aar! eXagr Xoaa, 7h« ?oo%*lnn»t 
davilopiiiat oa JCLan «itt*t^ff daa to %t ^TJI^iii ta^«as«i 
vlth ttia laortata of flaa i»aptloX«a to a etrtala X«T«L afttr 
vfitali iBfootloB <I«eXla«S (otalfli J l il*f l^M), otaiia j | ULM 
(1964> «•! maAXtw (Xi«^) <soaeXiiii«dl tliat aoUa HaYlnt 00*78 
l»«»o«% wyii anil aXao ^iqr/tUt la ttia ratio of XtX, l id aal 
Xi9 woro Mit faivwpahXo tar ta'ootloa of lAwita ultti a^iatotfo. 
Abai aitf HMM (I9ti) fmaanA hmrr lafattaHoa of B, UOMAM 
OM toMto la aaHlr |»aB, maUr alar aail aXajr loan at 
ooMpavaii to M^fTi* 
18 
Ali3.«b«r< C1<*?^ 1) f»tle«4 thmt 9mmw foi l ^i^ not fawur 
thm *mv»mtstUn of 2^ ma,te.fi!ll.lf>fli* *^ *» o« ^^« ofchiiF harm, 
•|allAffl4i_Clt,^) ^^laid fei,4«fe#»r i»«%«^ larval -mmtwmmw&t 
2 . tffi^i^^lttl tn ooars® «ana, ?h# wttlUpll<^atlon fftto of 
Z* leHaehtttf on tti# fsontrayy, '*«« *^ l<»h«at tn aUt loan ani 
!JpaaHyay gjn s^» iirf^) r#rjort«a that tn« iiraiialar 
eorD03ltloa of aoU has a dut r-lnant lnfluene« on th« survival 
afii '•#T)?o^tietloa of th<!i ^ilaat pa»atltlc n^ ^Rato^ ni* flmlltc aasS 
Malik (H?*!) oh'^^v^ tVit th« pati^9:«i«fslty of Ty^ fa<^ t^ ophvT^ eti^ a 
ni^ <lt^ f. All«i» 1953 waa asoifo la sandly loan than loaai t o l l . ^l^h«at 
F«ppo'1uetlon of TylMiohpyhraelrtitt flJUCIt 'Ul«i, L9SS naa 
obHarv^d la day loan contala£a«» f!it1 elar, followad by <?3,S< 
• t i t an<S 3 i t »an4 ani saaci soil with 4^ * olay, ''^ a l l t and 94< 
fan«! (Khalr jj^ fti.* I<I77)» 
ThonASon (1*50 )^ ob« >i»viidl t.Hat aandv loaia to l l fraatly 
favo«F«d tha yata of r»*i>yo'1tiotlon of M.fia,fdfllOi, g&flll lA 
All<R| I997« But Cohn and ^^daahai (1^0) oonebidaA that rata 
of wilt l t l loatloa of l^Bffdftyff jtrlffifffili ^^^f% 19M» 
^lttt>lBai HrtTl»?Ut l^^ An^  Daooatai 1961 and 
! • lliTirtltmlilMB (Kiaolatiki, 11197}, Thoraa, 1939 la haavf 
•oU HM higHar t'lAii la ll«fit aoU. SaiiUt aii9 Colm (X<IT9) 
rapopkadi higliaat mlUplioal ioa of t^atolaliaAfg^a alaiK 
(Colbraiiy l» i t ) t Sld^l^ly 1979 la aaair twm fallowai by aan^ 
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aai Aw t^U* An lner«At« In tli« ratt of nalt i i ) ! lot ion of 
a^i^miMtta a.ftftRlliU'Hltti ' ^ i 1»« la soil with 801 wad aM 
«9^ ^ ^ i » « f«oofli4 by l^blat «n^ ^»plr«r (l'W4), Th« F«t« 
of iRiltlullofttloil of Tfi»I^ eotv|.<i^ etmy ^HHyftlgt (Cobb, ia«»1), 
?ih«r, 1^61 on ottcar-i^ano was ht»h«p In «sl«y lo«« ani r*uta 
s a i ^ loam than In lo«% sanely ^l«y an*^  I^ =»t saiily loa« (lao 
&nA '?«inin, X^7S), Davi'la (l^ '^ O) ranopfc««f that alt'^oni'h 
J. iJLiUU *«^ S \ng<?-7^l^ w<ro tj-*«i»»nt in al l th« typiw of 
aotl t*%t«p«w, but th«»y p«3''0'1tits«d b*«»tt p in aan<!y loap t ^ an 
tn soi l '^ f-* **tn® t€xtiii*a. 
"ndo Cl'159) renort«<3 that wjiltlTsllcitlon of root»l»slon 
nf^mtodo, .''--aty^ ant^ h^t^ f braehyuptif (aoaf^iir, 15^) , mirj j tv 
anl neb, '"tokfi,! 1941 was rrora In sandy loa^ noil and poor In 
c^ &ell clay &n1 loa?^ to l l , On tb# oth»p ban-S, saady loam 'lia 
not suptjort tH« jualtl'jlliatlon of Z* ^"»lna| on th« Manatta rota 
root»etOQk (r^anto, 1*974), 'lafanathan an4 ".Ivakijuar (197S) 
obartTTna ')t!::b«r rata of miltliilleatlon of Pri^lfflfllmff ,lili,^lril 
Luo, miss on aaiso srrown In blaatc san<Sy, elay loan and brown 
landy loan than In i*«d san€y loaa. 
iSlyatcoMa^  awf «?«iha<!rl (1<17?) r«port«4 tbat rani for* 
naaato<fa| % rai^for^f tmltiolla^ ^^l In tan<Sy loas wltb 
7 . i< ali^ than radi or blaak elay loan oontalnlBf M»r« olay or 
no ^«r« MuMiapMlbyay tmA Wa^ ua (IIHIO) obsaryad tbat ttia rata 
of MlHtlioatioB »f 1» yiWiftmil mM bifh«tt la iAt«plta 
20 
(••wSr omr IOM) ivitapftl mil follow** by AlltiviAl (ol«y IMK), 
n^a Op«v^ly imskv •«n«3f lo»«) «*1 ••»« ^ U « In aptlflelftl 
nlxt»p«t of « l ^ «5f1 aaaS, tn« nt'lmst «tltl|dtoaM«» «•» 
oHa^viA tn t»" «lii]r.«and Hlxtiirii of 1i4 follow*! by 4|3 and 
r?>tiiiBiiffi In 0«1, "<h«n C11S1) rmortMi that raaltiial I nation of 
! • brataifMia an! v, in??ofl?nlta \ms hlfihmt In arttfl«lal wlxtur«i 
of elay ant san^ in thm ratto of Xt% 
^ (0»fi»kaa anr* "lt©>«»U (X'*?'^ ) f i ^ f t ^ that 2» o«iatyani 
imhano#l tav^l ty of poot-yot ean^pl HT At>hanorr>ycat mtoiqh— 
l>r«»c*^ sl«p tn eamln* n«»a «r'own in s i l t loa?s ani sarv!y loan. 
'^ artffP (1^ 7*1) ob«?*^ ifM thiit t'i# eaeP3© '^ r-'tt'^ lw w.ti»nt of tha 
noil ?nfS'~'«a*'«4 thf» "I'/nir f^flsttf! int«^a«tl'Ttn ("attilnfl' Por«» ^ainaifa) 
b«»few«an ::• tefl??nt,^ anl a* Salftal* •ilPtla^ly, Chhabra j i tL, , 
Cl<»7*^ > notiottd that tha f»Tos#th of okra was «*^ntflcantXy 
r«ftie«« ^,m t^aailat*! ^#lth w. fy^ff?^.^ ani a- ISliaL tlaii l . 
tan«o\isly In al l typ#» o^ soil but niwatola notitdattona »•!•• 
Bftioh tiansar In sanily lf»a» tian In othaMp tol l tjrp'^.) ^ut 
n^XmAoil^m) rmmwt«A that ixire^t aand ha4 no si«mifioant 
•ffaot ta tfia tn<9i4«3aa of wtlon wilt ^an olanta vara 
inomiiataa with imuXm ^MiWPM f* fitlUlfWftyi ^aa 
ll« i f l i f tmii* 1>««9ita thla tha availa^la infoPBatlon en ttia 
•ffaet of aoU typ* on <fiaaaa« <90ffiolax tnvnlvin^ naMto^* aai 
f«a«sa la fiHP fvoa aoaplatab 
21 
Inorfanle f«pttll««ri hav# b<N« fA"?v! to Innn^n*?* th» 
jpal^ of 4=«t^ «A«f^ *^ t ®*w^  ««^iwfttffttoii ©T tftt» firtoty of Qlant 
n*»»toa«i (Ofc<ilf«, l^Sl «n^ 1^S1| *!hfan«f an?! nrltt«n«S«n, I'^ ITP^  
mr^^ V%m% UvA ani i^rovn«U» V^^lt Otwifa an! Piab, l i 6 i ) 
ani thus fch« tjomjlatlon 1 '«l» (^tillliaja, 1^ 4% 'ilaytoti a!i4 
^;ill», 114^1 ^olk, nsOf <>t«lftt, r^<il an<! 1^ 9?!? arkpatrlek 
t i l L M i'^ '59* ^'^ r^mh% lost, 1^^< «Jlr4, vWi\ ^ikarbolovle, 
1160? Bo lUvr , l'**^ !! *^aptln aui l?&ii '^m^y, 11*^3| nin^h arnl 
Sifcaramlya*!, l.«>*?7 ati^ ' 117l| ^taia a*H lurton, l^^^i ^tll«r 
Ml S I M 2/>^t '>lt*tof End •^ *8t«r» I'^ f^ f a^Uc*!*, i'l'"'? an*! 1171^ 
an4 Tohnsosii X^X). 
^iptcnatrlck «E| a|^ , (X'^ *i1a ani b ) | DoUlv^ (X'>«^ X) an'! 
'^ifUTim ^ aX» <1''7^ 5 fn-*rH that wo'^tilattoa of 2« ^reffioaraa^ 
GoHH, XOX1 an^ 2» t>an«tya!^ «i Trleholat^jy. mm^ an^ J. imftlfftT^I 
lfi«p«ft««A wlt*T tnoraaaa In th# ^rjneflditpatlon of n%ttt»'*m\ 
rmptilitmf Mjt 1nei»«iai1nf ioa^a of iiotaastnfi* f»rtUli<*r rart^ irtfidl 
t*»«li» potmXation. Otal^a (X'>"f^ ) imfiaf#! to f»«»dM?»« th# dUauMie^a 
^miaad by i|» tnaagiiit^ hv inoiraasifii; t*i« l#vaX of fiotaatluai 
•u^l iad to host, Tf«avy <Sot« of "^^ f«rt;fXls«r» ta oora 
ineraatoi tfio ponoXattcHt of SSMitalMS^SUk *P* ^ ^ ^aoraasai 
that of !ffl||ilaiWff1fflhai AUttdal&li ^« i^^ » l^ ^^ (GMtiiar»3M3). 
lotiaaabXo rad^ottoii in ttia oopiXation of nanatodo hf uatiif 
•nnonltii nitrata at tha rata of 60 or X90 kg ana potaatlua 
22 
©hlorl<l« «t th« r«t« of «0 ka/ha hat b#«!»n obfurvad by warka 
aad r^ ajrra (1164)| l¥&sa<! j^t i l * ( 1 ^ 5 ) | m i « p ami vlhrh^a 
<1II6«) an4 ifaqua (X<i«8). 
--- ^lrehfl«l<! an'1 %pr (l^ ** )^ an^ a^"ic<ip an*! Titililnf (1^^) 
''mm th^t thu iio?m\afeton of 2, i*«»lfoyrlf an<1 Z* TlfSl'^n ««» 
r(i!!in(5«idl by th» aTspllr^atlaa of 1^3 s?5<S i^ aff)^  f«rtills«ir» 
f F»tj*»etlv«ly, ) ^aaaa ^ i j^ (l*!?*^ ) i»inoi?»fe«rt that tha affaot 
of *7"'K fi*Ptilis*w» (a'?»i«onlitP ata'lhat*!! 9tn»»I« mspflrrjhosphata 
aiv5 tmrat* of potash) In r««S«9<n'^  noiwlstlon of ^allftotylanehTia 
with olI«>{!ak«i3« nivakurar and ^*#«fsalrRi'1<lln (1T74) obsirveidi 
that applt«3atloii of '< In aoehlnatlofi -^ Ith ? OT ^i or li alona 
i^ fldUQad tha nmmtx>^9 niltlnXlQ&tlon to a ^roat «xt#nt, vhll* 
trpadhjray j l ^ , (1T74) f-wirH that tJOtaaaiuis anilnhata, 9«u«r-
phoaphata ai^ nrm stip9i*«ifl«a tha mltli>Ii(satloii of naaato'lat 
m tha ahtanoa of host as nAl* ^huhiiia iVfffi) obtalnad 
eon«ld«rah|.a r«i9uetiofi la tha noimlatioa of D^tylatiahas aiasael 
(Rohii, VMff) Ftil9iav, 1036 b^ uatfiff hl^«r <losaa of K 
(lN»«aMliui aalt) and W (amnanlup nttrata) an*! that Pyatarlaneliiia 
^JUM ^^ ^mt vaot by a«aontii« i^trata dcimiiiiaki j ^ i i . IDtS) 
•nd i::^  liiiiriMt tarlimliiiliyin^t §smm (^taohii, y>ff%) 
fllailap al>a«vatioaa vara • » ! • by )«ojtahaill antl Loi«i«barr {Wf€) 
ifiio 9»iRtaA out that fai^Uilsa^a fanarattnc 1^3 was 4atrifiaii«^ 
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1^€0 « i i ^ifi« tii^ !i%<»r ^amm of t«ft i l iAirs vt^t l«t*)ai to 
n«i»te4« only i#^ «n thty wirt «oeoiB^nlo« by Wio lnep«aio in 
th« mi«b«p of baefe«»flft or iiartlally pi«rlfl<i«! uroMo. 
fleant ^*»ductlo!i In falX'n^ tnl^ix on ^mThJtm JUBSL ^f 
H* >P<Q»yi^  at lov an4 hi^H nonQmtr&tiQrm of viTm ^ t th# 
'fToiith of plant '^ as a1^«f»<^y affiKjtM at HI^J^F ooncmtratlons* 
\ eoi^lfiatlou of m^? at th# ?at« of 4*5 llt^«»s/ha with 100 kf 
of tilt»o'»«a/!ia reoopa«dl KI-XI'-OB praln 7l«»ia an-» nr*w n^t*w! t-ha 
final <^it powl-^tlon »i«ll«! tin (Hakhiija ^ i i ^ f l ^ * ^ ) * '^tasaltMi 
e*iilOPl«t« 'ms '^ otiiH p«r# ©^"acsttva t*^ sn tjotasaltsB stilnHata 
(Laadiara j]^ §!,•, l'*7'l) in a atady iirt*»i»a tha affaetlvfuass of 
thasa t«o Mna^Qm of **i«rtlll««rf w.s eowuaFfd. 
^aSra an4 ^bary (l'»7B) Ptporttd that Ineorporatlon 
of ledlRarid H or *» with oi'fanle anawliiaiiti ha<f far fFaat«r bina* 
f laial affaot r>n plant ifpowth and naaato^a oontrol than a l th^ 
of tli«aa alofia. '^ adra (1?>80) ladloatai that tha soi l dpatslnga 
vttli W6 to 176 kf n at tuo Intarvali Qotil<! iiiniMlsa lotaae 
in /Hp^-ayitiMM %fh^ a aaiiatieitfat aota liidatioii* XhandidSl) 
pointai out that tha nooulatioii of nawitoilaa (total tyianahl4a) 
avouBi okfm and a^'tiilaiit daer'^sadl vith tha ifiar«aaa in tha 
^••« «f «r«n, nowavtr, Inaraaa^ nt Aotaa of ann^rptiof^iata aati 
24 
Marft%« of tiotAsn, in « viTf lnQi*«ftS4id tli« n i^satod* poim-
IfttiOll* 
fm Vtit otnw hamd^ th'^ r# a-*# ir«i»Pta IfKlicatlng « 
favout*iibi« «ff«ct of liopianle furfcUltfirs on n'-wito^* pop(iU.«» 
tlon (Ot«tfa, 1§S3| Ofc«tf« ani BlaD, li^if SlPkpatrlelc j i l l » , 
1164| 'niiiieRlio»«| i.l71| "^ hublaa, n71f Tirry ai|*t D«s?«pta, l^3t 
Ot«lf« (11^1), nfeafa an4 Dlab (1^1) ait's C^lyfcpafcplete 
^t aJ^ . (r>< )^ i*«m>Ptfd that th» anult'^atlon of notngslon f«ptl-
lt«#r9 to Infiiat^l sotl i»#»»ilt«S In th^ tM>i«mlfttio!i liniUd titj 
of S inoognltay howwefi Ih® da»a'«» <ihaa to tw>t-kn»t nnwito^a 
i#aii f#>dh3e«»ft, *4ilk«r aif! Pbit (l'i<f^ > milBtfl!! ntit that *'«iptlll» 
«wf tx^ipt Awiiif>nlti» nitrat* fa'?ni3i««a th© f«iittulleatlon of 
tha TiMuitodo. Tha nowttlatloa of ^^ h^^ ntfaj. si«j,, IMgHagrili 
•pp. and Hailaotylinalnif app, was ht^nr ai»ouiii! rtiot* of plant! 
rae^ving iii>K aart low«r In thota 4aflcl«nt of on« or mora of 
thafa f«rtllliar oo«>on«ntf (Colliii* ana i^ drlfruaB-Katoanai 
Ul?0)* airt«i aaA IMP«» (Wf4} otitarv«di an taor^vata In tHa 
paiMaaiftaii •# £• aiatgaga ^ «ii« a^ilftioa of aaiijr^ P«»H« amaoaia, 
l^««« J l IL* (1^4) ripw««a ttial dottbla dota of po«a«PiaB 
ta0r«ap«4 tha ^milkmmm% of raa«i«ka»% <3it«ata oa taaato aai 
okra, l»il««pka sail OwM»«i% (19^), vhtla tt^i^tag ttia 
affatt tff iPic f«t%ilisapi tipavaiiljr «wl la aotrt^ iaaUaa, oa»a 




l«ad.ntt wm wtlH wmnmt to total poimlatiofi of «ll tti« 
p<ar*iitle isi«-t©flti Yi»t wo''« in soil i*ltft ^Isth** <Soi« of 
^ fh«i~««» mvm also lalleatto*!* th t Inorgftiilo f i r t t l l j 
HhV9 no rat'*r£al «ff»?t on n«wato1# pomUattoa (Colliiw j i aX,,^  
4S71f V© lifim a l li#f ^''^^1 ''^lllitt l"^% JfeilowiM vm 
DoHUifKit, 11771 and TalE j | sQk*f WT7)» 
Coiisld«'»abl© aftrnat o* «ork h»« alao b#«n 4ofi« oa tha 
#ffr^t o? fnfttliia^s oa soll-boFaa fungal *1iSi»af«» of i^laiita 
^n r«««ral and spf»eially t^ios* eatisf^ tsj 3 , so i^nS^ Cl»imhostiP 
Mllk*f 1*5771 ' t lho mnA I5*^ lf!*i*a, l§«^ *)t h^<»n^ me'Wi aa^ IIS«EQS, 
V^BO) ^tst gpaetieallF n«* In^^PisstioB Is alalia*)!© on ftla 
a»i5»0t In 5il«i#a"f# aoi»l«x«»s in?oli?ln«! ii<«ato'i» wnA f*mm^*\ 
Hthoiifh in'^&rwmtinn on th* a^fcet of to i l t'^ on 
fi#f»ato«a popfulation is v«ry a<ia«p» 'Jiit tha llt«i'atiii»a »*io%« 
^lial ©H of aotl ^oas »ffaet th« ii«i«ato«Sat(lll«iil>y, %^4fi% 
ii^i»aoft aa! faal> 10S«| nnrm^ mx% Ofbtijl, 1977t ^i»to% 
lt78t Davids l»iO| ^i^taald aiKl ^ l l i a , 10SI| aa)»atola,ld8i)« 
l»alari (1016) »M mi aa»l flayrlion (J^-^) oa §. 
g j l l t i ^ lg i i l i ftnA <Saifr«r ma mm^ (1^93) on ftalatdawma ap. 
on 9la#»^fla 9olataA ««% tliat aoU v>n flaya a© ipola on 
26 
tneldtno« of n«t!*tc»d« <Si9«as«s and distribution of ii«a«tod«t 
In soil* 
On th« fiontrsry, ^•th«riirl'!"'« af»«1 Ton»t ( n i 4 ) oo?i»#» 
lat«<S th# tt^t«ie« of 2 . Sffh^ehttX t» tH#» a«trt so i l , upobably 
hnKjansft nuQh nniln ar** nn*av?mra*ilii ^ar !»!is»rb#n»t wiltliratlon, 
•^l^iby (l'>4S') obi-f'vcdl thst th« «f^ «ir9'(«i«5« of tarvaa 
fpois th*» cyst dunr-'aftd as T>^  of soil fall from ^,7 to ^,0 and 
at !»*? 1«4 aJid bmlow tHn«a %m» i» 9m«p^mi'*m at a l l . fllfflon(X*>S5) 
ootntad out a OIOTH eoi?'»«»latlon '^ *itvi»«n soil p*l anrt l*»v«l of 
a«!ratoi« Inf-st tloa* 
Klnoal4 an<1 naprwon (I'l^) obt^ rv^ i^ a ?05»ltl?*i llasa? 
r<^utlon8hlp of th# tnnMmk^.^ of blaok ahank llntasa ^ th aoU 
p^ ,^ nHiia Tpditimn and LapraSa (1'169) obstrvaci hlsjh fnsl'lanoa 
of ctlseata both at pR 7 and 9!! 4« Tha poimlation of ?y f^c»i ^ wotma 
»pp», in poot (Ia9p#ias«if vlth tiior«*ta In aotl pn (^ atninon and 
Klnaaldi V»9f% and diapnaiiy 19!I8)« 
Oat%«ibrtnk (X!iit) fatatad out that yield of su«a]*b«at 
in tha fltild Uif«atsd MtMi §« aahaalitit taopaaaiid whan ehalk 
vat a^dad wbteh oould ba 4«a to laaraaaad to l l 9!7* iCoi^ ar and 
^% Itawv (1^A3) sHovad that dosa of liita inoi*4MialQf aotl 9H 
b«gfo»A 7.4 had a iM k^ad nanatleldal a^faat en soMa ^lant fara-
al t ia nana tad af» 
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Lo«v«^«r( JI& §1, (I960) AUd tell«e« (ll»6d) fbtind 
that t^ ?? hateh of S lBqf?«al^ i *T»a !• J M I I ^ ««» optl«» 
at pH 6«4-7«0« Th« pofmlAtion of !• ilMliif 'Pyi<«qh»ghyafliaM 
Cobb, 15)13 lnerfiftii«di a« th«» ali»a«nity of soil lii«i*MS«d 
(?;Mha<m, l'^64| 7An miinSy mM ?^ «Ptln^  V^l% "^ehfltt, X?>«I9). 
Ho¥iwr ,^ I i^mfti«s7 (l'>61) ttmnA no 4lff«fiine« l}«W««n poimlft-
tjloa l«»At of £. SSmsdM on ameH at fW 5 mA ?. 
'^ oPf^ an ard me Lmn (l'»69) Fapoi-tad that BRiltlplloatioii 
of 2* n«ifimtT^r\^, was fawuraa by soil at pH '?.X-^,5 but p^ 
abo^« 6 had an advsrsa tffaet* 'Hils adi^ ht ba th«i p^aoa for 
hl^ hc^ r nw^ma of 2* t^ y^ atrayif^  and X» dUkUiE ^^  *^ d^ soils 
(Brgesid, 116^ 1 Brsasfel and Dova, 1969), '^ urns <117X) p«ipo?tad 
that ponttlation of Pritfflf?><?»!m Ul i l l l ^^vU^ tmx on soybaaa 
was hlfh at pw 6.0 and lov at pf? 4.0, mi l l s <li7a) obsarvad 
that yiiild of alfalfa as a basalt of infiistfttlon with 
£• aaaaty>ns was slimifleantljr vadaoad at pi S.9 and 6,4 but 
not at pH 4.4 and 7.3. «lBlla»lir, "^mm Kwn'i nopklni? vlWi 
toeatoaa raaov«<r«d so^a naaatodaa (£• 2tfUll£ifii) ftt pif 6 ttian 
pR 8. ^Aislav tha soil pH freii 9.0 to 6.0 Inepsasad tha 
papulation of Z* a^iatrana but fraatly raduaad that of 
pgairtaBalH|ia triff»tttf iaaf, IIMIO. 
fHa ^wAf and i^artin CX'%<lt) rapertad that a natural 
<fll t .0) \mm %«K«araS soil aontalnaft 4 tlsaa ai wanf larma 
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of Qitfiit a«ffiRl4>d« iif In aeid ffff S,0} loan OP aoKI or ii«istrftl 
•mi^ XoaM» SlBllarlr, SttliwSrl (1^64)f5tind higher^ ' ^ijillatloii 
O^jiijt (19T7) r«5>opfe«« ^ftt d»via©pinKRt of rool«iQio% a»»atodo 
ijall on tomato azte! 0oii|i#a aas hl<?:ti at pH 4.6, S.6 ai«« 7.S tmt 
i»iip©pt«6 thmt !>*? *?»0 «i^ ©.^ ^ &^iWBir«d th© f^urifl-OwetHit of 
nalsatola iV^Bl) ot^ ssp^w^ that at <i!ftp«!ft«f of pf! IPVIOL 
C3 OP 1 0 t'i« sispiliml of %hp»« 8|i«el«i of llr.§.S^»ll?inlll]ti 
ninUarif, th© Itt^atU'*© on nh® ?*'^ feet of soil ?jl oa 
sti*»9l?al of f'mti In soil rmi ija-'asltlsa by ^rsfl is IWBSttia 
C 'f«bb, 1^ 1^ f «lh«iPi»odl, l*l'>3| r.arp«t, 1916| totb ei** ^le'k«»| 
1>I3| Tallaa« ji|iiL«t 1^0) but th« tnftePimtloB oa tfe® off act 




tii« ••• i i inf* of ssHMm mrtitnffiiM ^^»a« «•* ^^ »MI 
autoQlaYfA totl-vaaiS^orfftiilo nixtor* O i i i l ) (Kintatii«a in wm^m 
tPi^s* '^ <i» 3 vtik did, lh« «««Sllii€t vir« ti»ft!it|iliaat«ll la 
Aiito(aav«a soil mntmlniA in %B mn ncitf* 
^«S !l>i»tiie gay oaitay of S Tfftfif^Tilit •^ '^  t^< wftiatmai^m 
An •^|pm«i, 'jtelEta «i> fw»» lnfmt'>A «!?fpilant root 
ro'^ t tana of t*i» &sst nlant J^ HJIW In «atool«v«a 90U. Aft«r 3 
ir«Mil£« of lieeta«itloa thu ©ail «*r1 tht» roc^tn w«p« •xauRtnud to 
©oaflffi th» SRtlUpllrsatloa of th# aiii^to^«» s^«w tti« matUF* 
tfias 0bt«ln«S, l&7^« fsia^^ of sc^etsItarM v«p« B!«d« t^ 
laoetil»tlai th« 9««(lilnf:s »iliii«H|ti®itly ^dtli th« laoealiiii m 
S»3 Hftisisi «il««p« of J , fftlf^^ oa^  i ts aaiatiBttBooi 
A* HiiiJL v»* ltot«tt«i fro* laf««%«i rootf of 
•fgpi«at* llio ottltaro of th« I^ MMUM IMIO ^ r t f l « i W m^^m 
hf^ltml tip ioo«iii«ttoa awl Mia««la«i oa ? D A ilaato. %ir 
laowaattoa pifpoooo mm tn»«ii|aa wut ?olo«t la lioliordiu 
•olnlloa^ (^k«r mtfi HMm^ H i i l ooatalaofl la wnmmw^ 
30 
flMtoi* 
Th« ajlfcar« flltp»t« of 30 (Says oia funga» eultur* M I 
obt«iii«l thrmi^ i S^%t filter mm mm^A «pi>l«r«rUrM Sfc«iiia^4 
•^S'*, It \tA9 <!lltifc«i! a» <lMlr«d, Ath tt«rtl« <1tstUl«« iMfc«r. 
Tlit»«m o^ut th« st!i11«» layva* of th« riMiato t^ w«r« 
IsoliiUad from aoU by Oobl»*» si^vtn'? ani ?l#*!mnt©tloni t^ehalqu* 
foliov»! by laifTrann f<m-^ *l C^ out^ iigr, 1170) ani *rof8 roots by 
blfw-lap s«»thc»i ('^ tfsmfiydln'!, 1"»^ 1), i^« lai^ van we-o Inaibat*! 
*»or IS (fays In ^ t ^ at i^or tam^&taT& to hav« |i3v«?ill<is# 
'^hm ?wpftn»p o** 5«'/«ill«9 %mB e*mnt0i ^y ii^ln" ssnmtlaf 4lih emA 
th«i <1«ft?»«5 Inoetsltsw I'W a^ '#&» urwarnfl. '^r tnoealatfon th« 
s«tT»«i»io!5 oontain*nf mqiilrM mi*^m of .1tivr»ll«Mii was nl9»tt«d 
In th« •'Tfu? Hol«Mi pal* arotial th« foot ani lat-r 9M1«4 uttti 
•oU. 
TH« InodttluR of thm f?mm« \m9 pr«!>ar«! by «A0ir4tlai 
tb« toovn amwiat of preallal wat la iiaplaf bl«iKl«r \#lth 
dlatllladl %Mit«r for 30 s«ooa<3a* Th« stt«9«nsion oonta'.alng 
r«^r«A anouat of iqroailua wat poarad aaar tba root ton* aa 
doaa t^T inoailtttlar tha piaatt vtth aaaatoda, 
^•^ IlilBliillWI fl l i l lW 
Xa wiim to iatarntaa tb« alnitma iaooalaa lw€L 
af aaaatada *9W taoeiaatiair (•oonaaio ^r«snal4)« tha eaailfnii 
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Of •f»l«nt v«f« immlut^a vd«i iOO, 1000 mrtA 9000 |ttvifttl«t 
of th« fitMtod** In a tlHllar itiKly thu t««Al!nft Wir« 
ifiooiilatiiil with ^«S, 1.0 anif ^^ ,0 f of l:»i»t f«m«?9», ^ino* %!>• 
«icii^ #«st<»n of s^ fiiptopt vftt o t^urviid at XOOO .1tiv«nll«* of th« 
ntrftto(l« ttHi! X«0 f of th« f\]ns^ Sf thMo l«V9lt ««•• tisodl la 
f«i}!>t*c|U«iit stit<31 i^, tmlf^fl ttat^dl oth<«Firt««. 
•mpoU'^ hoiit t»^ «» stiiites thft t»ot9 affc«r Inooulatlon 
w«p® arfan?»«di In t»aniorls«l issnn«p In th© (yp««»?i hmiao. After 
sixty la^ fs of Inoailatloa th© ?^o«th^of tilants in t^ piRi of 
length aM fp®sV<S^ ii«l'^t» «a» a«t«prln«<!» "h« olantt w«fo 
I*!©! m an ovsa mnntn"' at J^oP*^  for 'H tin, ;,ft«ip ooollaf, 
th« ^vy Bsattar <utt9 w«il«5h«d ©M thm pfjdnfstlnn in ^owth in 
t«pK« Of !i!»y wal^ ht vas ftal'^^lct#1, '^ Insl tjowilatlon of th« 
naiiato^a both in ioil an^  i*onts waa alao <!«tiiPiBln<»4 on th« 
llnaa ln'1l<sat«*! ai50v«» th«r».were;fi'^« raoli«at«i for aaoli 
traatiRaiit* THa data vara rib J not a^  to atatl<3tlQal analysla* 
%f Bffaat of %>tylaiiet»iitta ranifaraia and Hii aaofconia aaiaai 
•••••••••••••••HMaHifiBBBSSBSSSSBDSSSSM^ 
9«»faaa attPlllaaa aa«la of attplaat av. iHiaa 
Pttryl* I«iif W9ff •om la autoalavad aoU aoatalaaft in IS as 
9a^Mith«t «% tha rata of 100 aaaia/i»la%a, tha toll vat 
Imtm iHMHlatai lAtli lOOO aadl ^000 luvanllaa of tHa »«»«•«• 
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•as 1 aai t i of «!!• fvmm* Bm^tM^tAr aal ooBMMaltunny* tli« iinb«r 
of tftiAf fiffntiiatiiig moA mmfgiim late •••Alliift i«t ecmat^ S aftMP 
a*a I f f M t of iaooiilatiiif ttio SMiliiifa of ofgi^iiat wltli MtKLl l i^ lSI 
<ioii^ tiif< t^ of ofiPlant «ir# li^oolateS ultli awiato^o aJloiiof 
faamis aloii«| n«a"-tod[# aiir? fan^pif 9iHtil%a«iomiii|y| a«»aic»^ fi IS <tiiy« 
•^rloy to f-m^as aaS fsia^ai xs <!i^ » uylo? to atifeto^o. ^tnoflWlat«a 
»#?!aiiapi 8ffl(S"??^  m ««atyol« '*lnoi», t*i«pii was «o ^l**fir«i??e in tho 
«2Et«at of a^r?a'*o of filratt la a#m3«!itl«d anS oone^wltant li»fflJl»tioiii, 
th*> lattffip tsnio of isioctil tioa *mB iat«a la an!i9«cp«Rt »ti}€io«« 
^**^ ^gialiiigfiiiMif .ttl iyffii(Ilteii,ii?I,fs«fllMlii,!?ii ,HT.ti,i,lfy:A' 
"|'i»ii iiiiiiiiiwmiiiMi, » i » i niiiiiiminiii tiMimmmmmmmmimi iimmtmmSSBOBBSBSmmmSSSSSCT^iv^lmmMml^ mniw 
^?ffA«a% •ooAS.iB^ of X, % 4| 6 MA 8 votk ol€ %riro iii»«ii» 
lutod ^t i i 3» TllilfffTfflffil * ^ lU JSUttl t«i^ &rmtdiy uifi owneoKlttiiUy* 
499ro9iflAt» aoBtrols of untaoealatfA «o«dlliifs voro mdiitakinoA w$M% 
^m^kmmm% »f atao»»o ooapaf oatttiit ^ 
of««p to io% a Yftt&o of 4t% ttX» fifty l td «a9 0i4 of iSlir/ 
33 
yal« of 0,O9 f Hi 0,04 t K ana 0.08 t 7 i i ir k§ mil* 
S««aua^ af%«r havtag h%m tjnawpXtmhti la yolf villi 
|ti« Abovt fldxftnvM of 9lvy/blmtik loU-iMUKl v«r« liioMilaiol 
triiime^«t«d •••AllRiTf tiriroA a i eoalroi* 
t » U I f f f i l , , t f i , I f l g|g|IUiiff i , i f t iMllt i tt€iMlWt„gg.„ii , i 
ffi» fi»ll«ifliif 90ilbiiiftH&Bt of !f ? K fortlitsffpf 
ir«ro tofltflSi 
Of OF OS i/m Tz n i/8J» K I F v » t 
SPK « I F S II3PK HP9K 
tftiiro 09 • no !}ltrof«ii| H « 90 kg/*evot V8K * 3.0 kSf^ Acopoi 
« l » 40 kf^oerof 09 • no ftiotfiiefiiif F ** 3S,4 kf/oorof 
2/aF « 19»t kc/*oro| 9F » 76«8 ki^oorof OK • no 9ot«MitMi| 
K « iS kg^oorof V K • 18*0 ki/ooFO| 8K >• 78.0 ks^ooro (W « 
nitfloton, F « ftiooplionia, X « 9olotali»)« 
Iko iiitfOfOM MM a i io i l a ^ « t&m of oaaoalaa waplMto 
oai fotoooiiB oi M M t o of yotaili ( X ^ ) , 
Biffopoal ooatoalvoHoaf of «*oH of tlio o^vo ooiklm* 
%lo»t vopo a ls i i miHi «i«i«l«7it to l l oopovolitr* 111* iooHl i i f i 
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af%«r Havliiii t»««n tp»iii|>lan««A ««?*« Inoculated with 
ttntfMottlatadI ••«dlitivs itrvcd as oontrol. 
^^ff'^W* '^Mff ^» afgolant, and naw t^oda potmlatlom 
*illi!aTh soil 4lth a pH of B.S vas adjusted to 
t^ iraa different soU pfl Im^w vlf,, 4»S, 6*5 and 10.•! with 
th© htlri of dtlttt© solutions of hydroe^Jloylc aeid <^ ?!1) a'ld 
CD 
sodltic h'Hrosdda (*?a*Tt) P'^ s^ n^ otliraly tisin^ 'Ulco nTT retflr. 
aeadlin-^ w*™® tran'inlantfid In mil matntHlnsd at 
<11 'ff»'* t^ I'^^els of pT an^ -.m"^^ in*^ <nlst«»d with 2, yanlfoywlff 
^"^^ Z* ^X^^%. «ip«?«t«ly an4 to»«tH«r »l«alt£8^«otisly. 'T?it?i9» 
otilat-wl a««dl^ n#» w«i*«i f«a<nts«n«*5 as oont-ml. 
aoU tnf#«tad with itetirlsiiel^lus ratilfpyla and 
Saadt of aii^lant vara traatad with naaatlaida 
(aldioarb, 3»aathfl*3(Bathylthio)pF09loiialdahyda 0»(»atl^* 
eartoaiion}a:d.«a} and fuatiolda (batlatlSi 9(ffathex3r«*r^«Borl) 
banalBidaaala) aa^Aratiiljr aivl to<!ath«p prior to thair aovliic. 
k alurry ooiitalntti« ? i of «ldioarb, QpS g of baTlatla and 
8 c ^*l< poviar was «ada la asutral tpm (ajmtliatia). Saada 
v«t#tiBf 10 f vara addai and tha aoatalaar vaa ahakaa thoro«ii!lilr« 
35 
Tht truttttdl • •«! • ir#F# th«n iprM* tn « tF»y ma allov«a to 
diry m shai« at foow t«i»o«ratui»*, 
t«st« t9T «K!»irf«ne« of ••<idit!i7i fro® iiteh t«<«dt w«r« 
s'a'lt on t ia lta#s Indti-yatirt «i?ll«p C* .^?), 
in>r i^owth ai!^  n«S!^ tod« uomilntlon the sii«4llii®i rals«d 
froR tr«at«^ s^tdg as wall as tmf*s«t«a 3««A8 wtr* ltioc«latiid 
with ! • y.f^ltetAl a«^ :i* lalflfiA t«aa?attlr and »leRjltaa«o«»ly. 
nnlnooul.at«<l a#t«!lln'S tn a l l tha tr^atpunta s«tr9«<S at oontrol, 
and ilBltiirili'SlHiiiiiiiifi Mijt'liflilii.'^ .^ S'^ '^ B^ ^^ * fXjimtlationt 
4 Dasta e^^ntatnlni* X n nach of «?PowfK!!Mt, wattardl 
an^ 1MHMP oU-calc*s i s syfith«»tl© 'mm ttlekirp vaa nrauaftd saiMk* 
pat*ly» ?o t*^«a#, 10 a» •« 4s o^ ««»t9laiit war* trana^-^rai aatf 
tha oontatiitr waa ihakan ta hava a wilf'T.piB aoattfif of altiyry 
ovar tha f««(l«« l¥«at«9 saa^t vwra fiiraa<l ovar a flast f iata 
for air ^ryinff. at room tanparatura tin^ar BhaAa and tattad for 
anariaiKsa of aaadHiniia* 
War atiiAytiic tha affaat on frovth of 9l*Rta aaA 
nafnatodo pofiaatloii •aa41lii'*a raiaad fro* traat<id at v t l l at 
uatraattA aaaAt w«pa tnomantaA vtth s . riHtfOTitt •»& 
! • iftklBi ttpa^At^lr aai alMa,t«iiaotttlr« A^pro^riata aoiit^ Pttla 
of iiiiliio«il,atai tat i l tagt wm* km% tn aa«H tei^aatMMt, 
ftii ^tftHfiBlrllf f u l f i l l fta jftyl^ ftf tmlMtl L 
'At«r toltabl* •xti'AQts of siattftrd an^ « • « o U -
<s(ikM w#(*« ciHt«in«l by fcr«n»f«rrtnt 10 an«t ^ t T»wa«r«4 o l l -
eaic«t i«9arat«il!P in lrl«rttt«r^ flasks ofmtainlni; 100 - l d l t * 
t i l led \iatfir, Tha r«lsttt'>»« nas stlrraA (jonstanfclF at raitplar 
Ifitarirals ana aftar M hxmrB fllt«r«ia thr*^^ '#iati8an's f l l t a r 
Saeds of *H?iplaat vi«?« dl^tjad Tot 60 an^ SiO pdnafcaa tn 
both th9 eoneaatrattons of tha two olI-eak«s ssparatslr and 
sotm in soil Infastad with asisatexlai ftme^s only ATJA nsnatoda 
'^Ith l\m^s, Tha obsiwrYattons oa tha aiBaPfanea of saa«llliifi 
vvp^ aia<!a on tha llaas iii1l?^atad aai*li«r (^.7), 
%p plant f^powtn a'Tf n<NiHito«!a i»oimlatlon saailtn^s of 
a-tplant wars «1l'^ ti«! for 60 an«^  f^ O filniitas in tha ahova wan-
tlonai two oonosKitipations of aaoh of tha oil-oakaa and th«n 
transi»laatta in aatoelavad soil aontain«4 in IS m vets, tha 
saadllnna vara inoeiilataA with 2. yawiff^yfii maA l . i f l i iBl 
almiltanaoiialjr* Ai>propriata eontrols vara kaot sida hr sida* 
37 
t«lft IHttt **«i*^y^ ft>y ao»al«Uag th< l i f • ttyal« of 
tli« •••iltiifs w«r« fronn In atttoelATtd toll 
eontstii^d In XO ee «ftt*feh«nviirt toots «n(! v«rtt lno<itili»t«d vith 
n«mislr» th« »«ii<lltn"'« w«w»« «9Poot«d afto* «, 1% '*4 huuFi, 
f^ f^ l^t *^f ^^ »'*^  '^ ^ ^*^ o^ lfiomilafcinf» for wtmAf^m th« 
d«v«lepfli««iit«l »ta^ (Mi In thm 11**® e '^el* of th«i n(jr©to«l«, Th« 
i l tints aft«ip hMTlw? ,4iih«d «?«nUy anl t»ioPou»Hly im-for slow 
jnmnin*! taij wat^ r "or r^so t^n*! th« ai!t?*r«K! stnil p^rtlel#s w«r« 
'siIlea ani flx#dl in ^•A.a. anl statnad t^th cotton hiu© In 
gnnWinnWiiHilni IHi BMBII riWnlllilli IIIIU'ITI H «IIIHIMIIII» tmmmmmmmimmmmmmimmmmmmmSmimimmmammS^mmm 
In eultu7« ftlt7*t« of Rm iQlinl an"! <«} «fMr <litet 
eontalntnj g« ijAMlt **" «iPv«»iiBt of ^Jt&flJBtilitBI 
(a) iTieolitdi rootfl of afimlaAt i%S tm) afltr 94 
OOPS of Inooulatlon vith j^, SiliHL (^imiylt # ^ t , ]j»i7) viro 
9l«o«a In tli« o«iiti>« of 9«tpi41th«f 9onfc«tala« iNit^ r «itr« 
*7an<! pl<ik«d J. ymiftipiita w«r« t^antf^ffaA talo tho <litli at a 
4istwieo of 1 o« fro» th» i*oott aftor «, IS, ^ iwuri of tho 
tpanoftr of oxotaoS ?oota tn tH« natrtiltah* tn ao«o i»otri-> 
<ilatiot oieiaad tiaalthr and tnf#ot«d roota of aatita aio vwo 
plaoai at ttio anda of tha nalrldiah vltli a aaaoa of 3 oa 
38 
b««««iii thwi. 1f«K*tod«t w«r« %Tmmf0pr«A in tlift e«ii%r« of 
la &r)oth«r ntvAr^ th« #jRsls«d ?oots of hottlthr tkoA 
fun«ni» lnf«et<idi ulan*i« »«?• ^epti for 6, 12 audi 24 hotirg oM 
r«ffO¥«ii# Lftfttr larini« of ii««ftto(!« v«r« tr«nff«rr«4 as «tsov«« 
(b) ^ffolant 3i»««lia5ti •*»«?• dttipod fo? ^ tio«r« in 
CJlturo fUtrato «n'» of tt3# fQH«ra» ^roim In ^eh«pdl»t 8i«ain». 
?h« ty#J t^p«rjt» t#«F« as foUowtt 
I» Tho «2eel«3<id Foots treatsd vlfch a»ilta?o f l l trata 
**or M hotJirs I#«P« kwjjts In the c^sfcra of »5atri<1lsh contalnlttg 
vat**r*a*»ar# .'ft«»!' 6, I*? asi'l ^4 hmivn thm ni«iat:o^«« w«r*« 
intw%c«a at a 41stan»« of X ero frof» roott* ^^l»«« roots of 
nntF«at««1 sufldllfj^a »«'*v«a as oontrol, 
IX* "^9 axalsndl roots of ttntraati^ af^ tf^sa traatad 
witti fs i^ltttf a f l l trat* wars nlat»«id at t^« «a<?8 of tha tatPl-
disfi ^ Gffi apart from meh othar* ^mmt&^m wsra transfarrad 
In tiift oantra of tha spaoa batvaan th« tiis axotaad roots aftsr 
6 | la and M hours, 
l i t * Sxalsad roota traatad vltH oiiltura ftltrata wmm 
plaoad In tita aantra of patridish* iilidlarlsr, tiaaltlir roots 
of aa»a a«(a vara leapt for ahaak, Aftar 6, i t and 'H hours tha 
roots vara ranovad and nassitodaa vm9 tranafarrad. 
39 
f<»3re^ lttti w«r« %r«mf«^ r«<l tfi tli# ««fitr« of ^ctFlulfttftf oon« 
titnlnf mtm^mwBP t^himrUt ^ ^ t , 1"»^>. ?f«i^ *o4«» V9r% 
Introfi&e^et mftrnp 6, 12 arid •?4 houra of tH# trftfnf«p. «?t«rll« 
«flj«r <!li<sf w«p« kf©t AS eoatrol* 
.^ s^wf <Ili«a ofjntalnlfi^ th« fim'Tcis i^etlltiR eM ttiat of 
sfc^ll* aj?ap t#w# pla'^ wS at ti«» «rrl» of th9 patrldlth ^ ee 
apart from aaeh otfi«iP# f«Biatod«» %f0f9 tpansfarr^l in tH« 
c#atPa of fta apaoa batweai th# dlsoa^ afte^ 6, 19 ana 34 hours 
of of SEtauln" thfi a-ia? dlaes. 
la anoth^ st'^ dy, f«in«:!is *- ©**&?• «llf?r»8 we?© nlaefld la 
th« eentr© of the pttPldlffht** 'ilsdlarlF, stw^tl* sj^ ar discs 
w«»'*« kf*f»t for efi#eka .'ft««p % 1*! aiyt *H ho«*s t1«i e!l8«ss w«r« 
r«rov«^ aa4 affiBsato?!** w«f?» t?ansf#«pr«<l. 
ta all th<i^ a st«i41iHi th« ti07«»ii«mt of tha anwato^a nas 
riKJor'Isfli aft«rF widPjr 15 wliuitas t i l l th® isov«««Bt was stafel®. 
t . lS iffaefe of <mm-*# flltrata of Mlg^ltBll WltBl <>» 
iifriia?ti,gifi itill^Mi inl iniiiillt .ftf itntflial la itll 
infasfcaa «t%(i i . n i i l f t r i i l i * ' ^ iwaloia t»ff<ata»t»#t 
! • I I • riiiiiiiM»»»«»»i«JWk«ii»4BWWWWBWB—1<ii nii i mniw • i m i iwiiiKii iiiiTirii!•»»»»••——> 
t* SaaSs of aficplaat, aii»T»a(! In oultiira flltrata 
of dlffarimt ooaoaRtrattons (3, n/% S/4, S/8) for 79 tio«irS| 
w«ra sowa in anotttoda laf«st«d soil eoatalasd la 16 an dlaaatar 
9«lrl41sli«0. ff»r Qh«6liy BmA* 4l9|i«d la aialtura flltratas vara 
•aiiB la asMtoAa tf99 aatl* 
10 
TX- ^#ias v«r« t^wi i a ii«Mito4# iAf«at«4 to l l a* 
»^"y«, t!i« toU Mtt l»t«r fep#ftii« wttil 10 80. tmcH of 
diTTiraiil <K»ii<»«ii%r)itiftiit of mitenro ftltvftto of tfio f^mipt 
9«p»wmtATm ^m^9 mym in ii«at<9^# ftp#o notl t^oit«A vttti 
l'^ f l of *5»sit«''o fUtr'a'-t f«f»v<Kl mt «f»r»«st«4t«tf «hiiek» 
"^mAa if«#o al«^ «ovn tn finlf»ealist«i i o l \ ons^  noil 
3tS2ltaa«iuily fco a«rv* as santrol* 
%i» <lot -i^luin^ the ^T0 4V% of -51.1*11^  anl asiifitoa© 
fjofsolatlon ^ e 38ailila'» r«ls* l in imto2la^<iS oDtl •^ J1'# trans-
plan;©^ m atBJAtodo :afaat«d at*ll csontu^ snd In IS «s pota. 
'?13 % i l -was iates* fcrsataii v i l ^ ID sa mscH of diff«rirjt ooa» 
©••mtratloas of ^ 3 mil Sura f l l t rata* '•aaaiia^a cjrowa In 
ntt.«t:^« fi"*© rsoil traated with ?11ff«r«nt :3oiie«it9atioaa of 
cmltttra fllti*at@ ftrrfl^ ai ooatrol* Xn o3:*d«ir to oonpara 
fu^ th^ t^a dassaa ^ a to nmatoda a:»^  fan^a, ^ a saadXlnira 
^ara l»><!!3l,^ t«4 '^ili naaato^ Da a»9 f^mtpa aaaaratilf aatS toiratliar 
alettXtaQamitilr* t?iiii»aailatai tl«Ata war a alaa kap% aa 
aaaaatatai aiiaak* 
9*19 i f faat of anifiya f i l t m t a of ^l^^^aima^ # 1 ^ " * - ^ <iia 
MffariKt dllutioiia of amltiira f U t m t a «&«*# 3/% 
a/10, i/lOO ana s/2000 vara ^ t a l M « i>y <!UtttlB« tba atcnlavt 
41 
*8« vlili •««vtUs«a <li8ttll«d wAtiT. mmt lOQ Iftrvft* of 
2* fiitfiirf^f v«r« trantf«rr«a to 10 rnX of «aeh of th« eon-
r^«a%r««|pR« of istdLtal'* f l l^ato ooiitftln«d in 40 ne ii«%rt4t«li«t 
(AlMi j ^ iL»i X3^ 3)« kttm X% ^ 4Sy 7^ an4 116 Hoiirt tho 
minb«r of n<iiMto«!« larvao tN«t had tiwobiXlgwS ttir* ooantoA 
and p«re«it siortalU^ ^as d«t«rfB|R«d. Tho Iftnobilliad lar*vao 
if«r« aiftin ty«atf«?rad In itstlllnd imt«p to asonptatn thiiv 




eiM9t«r i n 
iMilliT tft Itif nitriifflifffft ft itiillf ffiii 
S.l I f f f % of 
D«U virmmtiA in t«m« X msA Hn* X •Hov that tli« 
Ffwdnstloa In «r!ir««ne« of s««ili»ft i*n« »oro 1» «i« fp«»«ii«« 
of twmi9 than in nia&%^« «lott« ftt aiff«r«at l«viiLs of 
ii»>«ali»t« lAlh nwitodo ttlono tho hi^«ft rflftnotion in 
«i«ri«iio« nfftg Q!5««pv«a «t tho ir»«il«K l<w«aL of ?1000 ana ifith 
foniUt aloao la ^ ^Og toi i* ^tsi ••ndt v«fp« soim in loil, 
inf#«toA tfl^ noiMitodo mna l^ mpts in* roSnotif^ n in |iflr<i«itofio 
9it«pif«i^ o iaorMtfiS «!ia i t vfts Biot»# than titiiiP of ttio 
liatlioetnf aiono« mtli i f ftimens «»S iOOO nanato^oa ttea 
parocataifa raSuati^n waa 48«il3 as against 7.4$ ana HBmSB in 
n«Mto<Sa ana f^ tfttna aioaa raai>aativ^3r« ^tl i ineraaaa in tlia 
inoaalnp Iw^A of bol9t tlia ikattefaoa tha oflraanta^a vaAaetion 
f^thar inaraaaaA and i t waa 7i*74 n^r f^lnt aa asainat 41*85 
amS liil*0? vltli Sf fttngna and 9000 n«»ta<iaa aa»nrat4lr 
r«q»aativaLr* tliaraAirat inaattlation of ?lanta witli tHa 
tuo aaHioiana aimltanaanalir 9i*oYai to Ha nwra iaattiing to 



































r i i * 1 9ttm% of wmAtwm mmatoAmt JIftlKlJMlttlllt fftlifilTltfi* 
mnaowikUntly on tH« <iiBtrf«M« of ••oSltitft of ogfjilMit 



















I f *^llf!llt 
% %iitai 
1000 W«|Qt0^0« ftOll I f fOlMittt 
1000 W^MtodM toA % f^aicas 
9000 W««tod«« atnfl Ig ftoiiirtto 
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mad A9p«i»lix T show that utiin •••llliift of oe«9laal «?• Fttta 
?IIP1»1« Long v«p« lfii>(«»Xat«iS witli S(^| XOOO ftaS 9900 ^tttiSiHot 
o^ J« IJOUGsfiny/kt ioli/9lanfe» thirt imt no sifi^flQan^ 
roOuotlon In ^ry w«l<«ht of tfio plants «t ttio imoalme lovti. of 
800» Sif»2!kin>9«iit ttdnetton mm o»»i*^ viia at 1090 «i« §000 
jii¥«nll9s hiistioit t»«tfi<» at 9000» 
fho Fata of acolti^lidatlo^ of tH« atRsto^e ^at Hi^ at 
lov l*!»5«alfp" Irat <3««i»*ia««dl ^tli ^ a inei»aa«# la tha i!i9oiilu» 
laiPiOL* tha p#pi^«e%lon f^ ofeip aftar 60 «1ay« of tmmilatioii 
vaa V%»^\ 10.11I a»! 7,'13 at 800, 1000 m^ -^ JOO l«9fl3,s of 
Inoealtss Paa9#etlvia.7 C'Wila % an^  ^f» 4) . 
"llMilarlfi i^an tfia st '^tfltfiffl v^a tnoaQlataa with O.S, 
1 ant! % i>qra<ill«ii eC J* ISlLifil tha p«peaata«ra raAttatlon in Ary 
waifht of tiia i^aala inoraaaaA vtth tba iaeraaaa la tnoealiMi 
laval aas i t waa lJl*90, 40.18 aatf «8»68 r<iai>«oUvalr 1 ^ ^ « 
aorraapondlat iaoattliui larala (Tiy>lc 2,ni»* 3A, 8 aaft 4 anl 
Aypairtis lU Siaaa aadan^tUr I^fH vai«a%ios in trovtft of pl^ta 
«aa oiiaatTol at 1000 Javanllaa and If af it. JHkUaiL atpavatiO^t 
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?!«• 8 ttt«9% of thwim AittwaMRt imamiM l«v«l^«f 
plant «v« i^M ^itfia* lAiit* 
A • Plftiit i fovli i 
890, laOO «»l 19000 l i i iM%# ^m waabm of j^wmAlm 





asfcJ^fc i ^ ^.^SJ>' 





































vO in lO Csi 
(9)1H9I3M A«a IViOl 
50 
^•3 Iffliiliittf i l m t t i l l i i ^ f .liflilliiffi gf t i f i lu t nilfc 
• id 
It 
t)mtm 9PM«itia tit TaM« 3, ^m* 9koS maiSL 
#tth<ir r«nlfb7a nvtatod* AIOIUI OF fttxi'^ s «loii« or !io^ 
f lumltiuitously or ««^«nti«JL3^ i4tti iMKatoa« IB AmfB pri«if to 
ftmm* OF ^ ^ frm!^ « IS diQT* pFloF to nMetttoao, ctgalfi^AAt 
r«!i2Qtioii In dvf voii^t of plftistt ims obtenr«f i^oii li»eixl«t«d 
wttb tli« two ilB0lfci4a«m»ly aal S'^ cpufiUAliy* In 80f]a<mttal 
£1^ siimitaiitcms ii%>enl.atio38 i d ^ tt}9 tvo "mttiofons tho 
mtaotioii In ^Tf v«i!^t urns hl^m thm\ imeolatiott vl«i 
«tth««r tlio f^ mt«a9 OF ii««tof!« alcmo* Th« *iiiFo !^it«f• r^tftiotlon 
in <5F3r w«t^t ««• 3€,6% 41»0% 73*T1| 9f!«13 ftinl 44#«7 la 
itop'atocto «l0&«| fmimB mXtmrn^ mmato^o auiA ftmifits tliitiltftiitmti^ 
ummt&f\m OFIOF to ftininis «?^ fttntas 9F1OF to nmmWim F^fitto* 
tivi^T (Tftbl* 3 mtA nf i» 8JU4)» ?N« <Slff#f«nfi«i in tli« Mtcnt 
of ^ttwfo in sisnltaiioMit amS «*i|«]«f)ttAl ii»«iaattoMi v«p« mt 
•irtifioftnt, f1i«rof^ F% ^ o ^9»m% «9P«*Ft to %• ftlnoct M^IAI 
ia ••^•ntiat aitl 8iMiiltftn<K»as insKMlstiem* 
Hultinllofttioa of tlio noBftto^ o MS tiifli#tt wiiaii atMitoio 
!!»• vt^mt ftlotto* ^••«M« of til* f^n^iit, iiotfov«ip^  dMroMol 
tho Foto of iini,tl9l.iooUMi* a«i^tiom In Fftto of mlU9a.iofttion 
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da 

















^f* A tffMt (it tnomi %im ^ « ••«Sltnir« of •fffi»l«ii% 
«n« ^iMffli l i l i jal iOl •mamtAr «w! «oiiao«itAii«Ur 
& « ^tmt grovtti 
B • %ot gro^ iflli 
a « tiatxioe(Qim%oS 
n m !i«Mtodo aXoao 
F » Aiaffiit «ioB« 
H f^ « WffMitodlo And ftmiEiit •l»i].ta!i«9^iMl7 
V->F • f«Mi%o^ O IB 4i^« ft lor %o ftnmwc 
F-:>!l « f^ uMtat 18 4art iwior to awntoilo. 




Ftf* 6 BffMt of tfi»«)l@tiiii Ml* SMffiLlaif of ofgyiaiit 
0Y« l^M l^vplo tioiur vltli JotSSElJflMlttllSlI XMUl iSl l i 
on tiift iffowlli of 9l«it«^ ani ^i noMitoAo iwpafttloii* 
W • 1^  
^ • F 
C^oqiiaafclsllr) 
?* • If • 
CSoqpi«iUsUr) 
fi«Mto(io m^^m 
• W««ato^ ft IS nmfw HFtop to ftsnfiit 
Auifiit IS d«gr8 i^op to tt«Bfttodo« 
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pm REPRODUCTION FACTOR 
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I l6 





^•^ Wnt gf »gf gf ttiillBgt fff f f w l i i l twi ihi 
i l l^ ilHMililfifiiigftfllitlilflB* 
/#f^isltx XXX t^ov ^Mt rtSaotloa in grotftli of •tgplaiil 
•iiaiiltfiaiKKtsl^^ T€lli t i l * i!i4Sf9iiso la tt)« af« <if • • • i l la^s 
« t 1^9 t%m9 of ImcRilstiQii thd d^t»a^ l a a l l tSi% tif«»te!«ntt 
d9Qrfl8f#S a.n) jtsftft s^a^hiotloa nat r«ooi^«d ifli«a i»iNMlc 
old 8«iidlXlaf» v«ft i!»attl.at«i Cfa?>l« 4| f i ts * IX anS IS) . 
?lm« jpoiiairisr •««!Xtnf« %V9 fmv% iMR>a« td €•»•«• thmn «li« 
<»l<)«r oa«s* sioiXarl^f tlia mtllifliiiaticin of ainato^a M M 
mlm fafla«Re4id ^ th^ af« # f la^sditnts ataA l^r ia»«ttl«« 
Uoa« ffi« i*at« of TOiU9Xi«itloa •mm fooro i^«a oa#»if««lr 
oXd toaiXiaft v«r« ta»«itX«t«4 bal i t 4««r«#i«t vlt^ ^ « 
taortaoo ta llio a t * of ••ai l lags. 
Oa iaaaaXattaff tHa ••• iXlata of 4iff«r«at a«af vttH 
aaaa«od« aXoaoi ftmsaa aioaa^aaA aaaato^o » faataa t l a i l t a * 









s ^ ® 
i 
•til* 







i "W Ik 1r 













Ct) 09 H Ok 
to (^ e^ CK 





















































































































































f i g s . 7-11 Iteot ;;roift}i of #fi^aiit e». ?tt»a Piir^l* lom 
on ImoQlmtliif the •Mdlini^ of aiff«r«itit 
A «^ of mm§/Q.tnstm at the tt»a of iiiaaBilaM.Qtt 
' t f . 7 1 U9tk old 
^ f» 8 S wotk OKI 
n i l . «l 4 VO«lE Ol« 
c • trntnoQulatoi 
n m W«Mto<So AlOBO 







Mi. .Mi i . . i t f3Hi i i l iM iJ i l«Mj f t j yy ia j^^ 
6 tNNUe o ld 
S ¥#«& 0l4 
C » ' - f i l »« i i l® t« i 
i « f ges la i s i i l o9 t 
f » l^mi^t « io»« 




P i n * XS D f fOOt of CTO o f QQC&lMia o f OTCplnatS 07* 
















( l N 3 3 U 3 < i ) K l M 0 M 0 Ml N O I 1 3 n Q 3 ) i 
59 
m»B% CS#03 oM B0«91 «?i«9 t^ ® Qn« of se«illta?ts iias oat ir©^ 
Gt ttxo tit59 o" imsaict io^ ^ , 0 ^ 99*60 QI«3 80«00 tio tftoHf 
3St<§7, 41»IB QB2 73»67 foOF weelEt QS,*?7» S?I,7S ana f^»'l^ 8lx 
(fabl® 4, ^ga, 7«»13)« fli© ri5p?oatsoU'^ ii fbe^F ^m imcaictea 
if^31i 6,4S ^<m the ane of se^ltnis m« oa© iwi^l 9«83» S.SS 
^ c s 9 wa« |^ 0.0:i» 3«§3 ^ m 4 timU)B»M^ IS-*?! i^m 0 %m€x ai^ 
^th twa.fjan %mn 36*O0| 44*00 mA 7%00 in 4te < i^^ *s&slf 
3^»3St 41«1S anfl 70•8^ la 3ti ela3r«»saQif 3&»08» ^.4G aaS 63«t3 
in l^n olasr^ saisS^ 3 1 . ^ , 37*8^ ati!l 7X«5B la i t3 olasr-sms^ audi 
33,90^ 4 0 . ^ aaa 71»X'> i s Oi4 csli^-saafl CTa^ l* -%, ^*s. i3»18 
unS /4?n«cr!ls 17) tfliU« in ft!)o;« x»stlo9 a^lth hlcefe 8dll*t«iiA 
da")!* Sb^ ?im» H^**^ &sa App&aaix ?) i t ««s 3%00, 4??,00 
snfl 74,00| 33,-n, 4UXS aitl 71,'mf 333% 40,63 ftfxS 70.83| 
3%71| 4%m anS 78.51 a?«S .3i,4*l, 4X,38 aaS 7%41 9«>pefliit 
F#tp«eWT l^y o^p Go^ rnsTJOfilla^  tpaat^intf wl»«s eoarpayefl wltfi 
t»!«lr O'^ ntpola, Th» ^wjtith f»* t>lant« liiop»ii8«i9 as the faroiaitaffa 
61 
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1ft 0 f 









on if»otilatlmf wttb i i l^tta^a^^a iM&SOXlta 
of ^«|N>M»S« 
flg« W> cta3r*taigl i^xt^# of l i t 
f l f» l? aii^»»«afl !id"«t!«p# of 0t4 (pai»« SAiid) 




Wig* 18 Bffoot o f a i f fereei t pilstePes o f olay»sa!s3 on 
%hQ rrPO'^^ of Qirfpiant QV» "^sa t^oi^plo Loas 
I t 3 a siQy«»sa!:^ 
D a nesacoa© olQno 
!? « 1^209 410230 
17 -!• p a l l«Dt050 QS3 f^ia-lttS Si!Sal^:5EtQ0QSiy# 
REDUCTION IN GROWTH CPERCENT) 
ov <»» 5 j5 s 
a 
64 
of tti«y or biaek mil amrmatH in Vnm nlxtartt t«8tiA. la 
awaftfe ^% d%tf%rm% f^n^seem of el«r»«aii(i t«t%iift, !ilc^«it 
gpowtli «»• piraord«a ia Ii3 ratio (fiblo St, flff* X<l *aA IS) 
wntl« la blatk »otl*ssna «ls««rfi« la Si^ CT«?il« ^ , l ^ i , ^ 
T*i« patti^m of f«t# ?»f asltlnlioafci^a of o««»t»do 
aiffe?«a la aiff«-«3l eljElariHi of m^ tm iol l f « l ^ s&nS. 
*Mltl!dt«atloa of the nsasto^o tttcraasoS mtti th« lnor««te la 
tht t5eyo<®tii«# of tatia In elajr-f«*3 tilxtur©« apto It 3 tit>liov«ft 
br a «#8p<3«a#f «hil© tn blaoli satl/taaS It a^eraassS afcesatly 
wits* lawea^© la IMII^  «oa9eati^tloa« %"^«r ,^ la pai*© taifia 
tho raltlplieaUoB sat 9^?f j^ oon %« P6jj?o4i30tloa feofeor of 
t*5t« aasmtoa® «^ gia ti2oct3tat«8 t?lt*i atsaato3© taloat aaa n«^toa« • 
fttn?*tt» -mo X»9*i ssB 0»«I7 ia 4i0| 9.11 sal i.69, 3 i l | BmSS muSi 
•aai !?istaF^ (t^ b3.« 3», ^n** %B)% ^mma la bluelt i^U-aaati 
nlxl^Fas <1^l« SSi« ?!«$• SI) i t if»s S9U05 &<^  l!lt5S| 3y3*i'S «ad 
§ « 3 | lf.!IS aaa 6»1.^| •^f*! aa«S JJ«*1i aa^ ^.78 «iii 1»3?> ?«fp««* 
tlvfltlT fOP tt»« r«t|i««tlv« trii*t!t«sts, '^ %tA la^ft^ ttrn »iatl« 
plieatloa of tt}« atMta4# J^A« M ^ la Dlset toll cia^  I t t KlictaPM 
ftt oee9ftrtA to 9li^ «»««t»1 sdistiirti* 
It %9 idaftr ftroit th« &i^ r<» tHet 1lff«r«8t pl3itttr«t of 
hoth th« trpot of soils villi wmm taflusaosd tho grovtli of ttio 
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on tmfgsCLatim ^^ i&m«gM\iM ywtt^imli 
of black 9oil*seusS* 
Fig* 20 llaek sotl^sai^ r:i:it!Q7o of 4s0 (piii»e bimol: soli) 
Hg» 9J> taaelE ioll-saiadi nistaF© of 3 t l 
?lg* ^ "liaolt sotl*sanai tststay* of f!tS 
C a tliilmmilatea 
B « 1t«satoa# aloao 




l t f f « li^mtm Hoot im>'^^^ of cfil^aiil oir* %•» '^ aFpl# rj^m 
Qf b l a ^ aoU^MiiS* 
ftg* 99 Slaak wii i»M»! aiiaitar* of Xt3 
f l i « SI ^aak soii^Muad adxtiif** of 0i4 CIKIFO 9maA} 
f m wmmM i^oBo 
V • F • i«Miloio and fvmm9 timiil^mmm^w* 
FIG.22 
FIG. 2 3 
68 
on t?!# f!fo^;t^ of ©fjr^limt etm *Mf» '^Fpl© ^tig 
^lioatt^Ulf M&S^,^^^ *>a afi©t'»rt# ipot«a?itioa# 
• DiQck sotl^saaa (|jir»© blask «5ll) 
ilaetc •oU.oMuyS (pur* tead) 
!^afa9 lOLoao 
4*0 
3 i l 
fHf^  
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IN 5sHV;^ 7:;:7:iiJir^ :L;;I{a 
M?nT.;:'::.l;-.':r?r.7-7.'AJ 
(5 
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_&JM?]inr^ i i ' i - i j I ' i i i l j 




















at tftt ^ t t # ia l>l«e!E «oil->«Mii *t St^. Hl»h«st Hultimiot-
tl^ JTi of t»i# n«Mito(!« wBf o*isi»i^ #l In l i3 alajr^ tanrt (T*H1« «a. 
fi'^ 'n«r« 1^ ) a53ft 4t0 bleelE soll-tai^ CTilil« 5b anfl '•I"* ^5 
v^vm^ that on Immilatla?^ tli© agg^laat ov» l?»i«a !^r|il« !«oiii 
nrowa In soil. f»tti.i«<ia « i ^ aiff«s»«iit et©s©i of n n s r«ptui* 
«ffl?s Q»9 Imcal^ t@S ylttt fiasatad© aloa©| ftanr^ as I^ OIMI OS^ 
Q€ra*«>€# • fUn^a slealtaiawtiilir, the highest ?«rtuotloa In 
"Foiftli of fTslantf oeeiirr«S \ii%n no Tf P K f^tl l ls i ir i vep« «<Sd«di 
(^^s» S8 «xil 33), Th# <?ro*^ th of tlant* i«T>rov<ia a« « rtstilt 
of addition ot n P K f»pttlt3i«?g» /m tafflrion* In 4©io of *? 
only !i*« a poaltlv* p<fl.«*^ l'^ n nn gjfowtti of »laat», taast y««ne-
tlon vat o'>tarT«il In dionbl* doia of nttye^iBi irlth oi$tliiial dog* 
of l» an« K (!.••, ?!^  '^  IC)(n?a. m mtA 33). 
TneT«aa» la <!osa of ? *n<! f ifrrm V^ s^o ^^  «wi«r<Hitly 
taer«as«a tho froirtli of 9l»nt« H^ t t t i«aa not tliprftlfleant . tHo 
9«r«acita»« ruAtietlon la irovtii of ulanta aa a raiult of iaoan* 
latioB irllh RiMiloAa, f^nttia, ana a«»«to<1a vltfi fimmn ataul* 
taaaouajlr ! • • W.Sfi, m.m ani 38.39 r«i9«i9tival7 la l/m P K| 
X8.3g| UUiO and SO.d'* la « l> Xf Xt.U(, 16.13 anl 1S.30 la 
70 
41,*>4 In '» "^ ^ .| ' ^%i1 , '^1.'>1 :Ji^ 4*>.T» In ' ' ^ a/'^ -S sua *^5.1^, 
T ' . l t an'"* 1%^0 In "^  "^  ' ^ as a^^a^n t^; ^s**?, 41«^S n ^ ? a . ^ l a 
nt^ats ?»f»afdv*i^  no f0*»til» s i r s C^ii'^ l^ C! afs3 ^ - ^ . '^'V31). 
•Ti^ ncrr.to^o ns l t ln l l<a t ic3 was alco a^v-^.^^ly ' ^ " ^ s t ^ 
J9,*?> crJ l . 4 1 | r.7*? anfi % i r | n^Ci c*33 %-l^ c i i 7 . 1 ^ c.-:^  '^•''1 
Fr3»ir2tlvr:i^ f-97* e5t»'»o3'r»rr1in'* '^ .O'J'^ Q OC '^  .** '* GS 0'Til»i*5t ll.'^'^ 
^ir?@a8*i^ t^fi .'1-? ;o c!>f Q^ '*!>-5Tf,tar' sol¥t -t« !.Q<j2'*^ «s*3f1 thn ^-^yf^ 
aff#f»t ^rj Tlant ^ro jth» ' H* r.^^ttl^ll'iati'^n of t^ »« a««^at0d« 





























































































































































































































































f i f i * t^^S Gi<oi«^  Of i^ gpXaiit «v» Msm ^ i*pJli» lam 
on immd tins* tfi® tMiXiafs v l ^ JidatlJQSMSli 
feptUias^ ^th dlff*«?mt aosas of 1 "* n f » t l * 
51i» f3S 
"t.-^. ^ 
























!l» ^ t a s s i t m 
i R l f do?i® o f sittfo'^ao 
'bfff lal «1os« o f ]^» i>^o?«i 
*i9f«RaI 'losD o f ^ t a s t l i i B * 
•Mi t t i tM • !««# 
^^UICil« A l ^ l * 




Pi t t . *n»5»^  Urow^ ©f #tiiiiaat «v^ ^m "^m^m L»iit «« 
fiMllBiaill < ^ ffft^Mtowf^ IBiifll ^vtiwi l a 
•oli f i rUl l s ia vttli ilff«p«Rt <lo«Qt Qf ii?K 
fig* t? » ^ 
f « %«i«il <lo«« Qf plioiqpliQive 
E « %nMil 4o«9 of 9ot««ittai 
tPF * BeniMo iii«o of nltvofiK* 
Q m 




n«§» ^»«3t OfonrlH of •ffplant «v« ^m % P ^ 1 « lionf nn 
•o i l f«rti l ls«a %iifeh €%tfmtm% 4ofl«t ©f IWI 
f«r%Uit«rf« 
F i t . 30 » ^ S 
f a %W!al fl03« of lAtfOdM 
V®* « ^aaf «^ of« of piio«#iofWi 
m^ m dmXtl* <fO0« o f |lb0C9llO1'«« 
K » 1%inMil <lo»«i of laotasifitm, 




f i n i . «I8»3?! Opawth of «i|f9iftiit ev. ^ t a I'^ Offil* 1<©I!« «« 
foi l f«r%iiis«s wttii <iiff««*«it <io9M of wns 
ftlibll.ii«^f« 
t « fHoratt]. <i0s9 of altfoftn 
^ « fi»ip«il do9» of pfios^ hoimt 
V9K • IMLf (lose of potasttiai 
IK * Ponlil^ clojio of ^m^AMaimu 
Q m {liiiaooal«ftod 
^ • ^mm» *3.oat 
a i^* 
t^~-W «M-'VFy-*' p'?-'?>.fr 
LlL. 
• J ^ ^mm 




n s . 33 ^ff«ot of dlff«pflnt do««t of nm f«rtllis«!>t 
on th# growth of cirgplaiit on ^»« I'ttrpl* Loag 
on immx ttm t$i« ••tdtllaiies vith .HMffWlailtta 
ynttftmli «»s Maftfttoiln jfiIiiiL^»»s on avBatoa* 
popuXatloiu 
1/^ » Itolf do3® of nltfio*t« 
^ a Ibriial <fos« of nltfoflrflo 
T^ « Deablo ^s© of i3ltpo«^ «!i 
o? « ^ phosphowii 
1 / ^ • Half <!os© ©f i^otpftofut 
? a !S»?Bml d 0 3 0 o f pflOS!>tiOini« 
3!> » Bouiblo ^os® of phosphowis 
oS « !5!> tjofeaaaliw 
1 / ^ « Half aos« of potoa^iM 
E « *1b?]!sal dos« of !)ota9tius 
^ a Boublo dioso o f potastitm 
17 » lf«rato3# sdoat 
f « '^agiti «a.oii« 
19 4> ? • 19«n(&todi« «ii^ ftiamaa •Inuatwicottalj. 







\ i N T i O H 3 d ) HllfOVSO H\ uouonQ'' d 
77 
3«7 I f f — t »t •» at aail an th« a«TA«M1t at th« « • « — • 
that p^'^ith of plants ii»!v«Rs«(l iiitH liiop«ftt« tn pH of tH« 0011 
09 to fH fl»9 «n!!l f^F^«>r pito in ^H iPtftsltnA la • <l«ep«ft«o in 
plant i!!i*QV^ l^t^ i a ti!iifio«ali^t«i AH^ tho'»« imo^ittt^ vttli 
n#tmto^% funfos AUS aflsatoio * ISmm*^ ^i^ato^o Bultipliofttion 
iwsrmatS ftt pH S«8 Imt d«ellti«fi at 8,.4 aixS Atp^«p ^HOVMSOS 
at 3.0* 8« 
fli« piro«iitAe# roiStiotlois in <I IT w^glit of plants iaoeiilatol 
wltti iiiEifttdao sloa*, f^tifiis alo&o ansS a im tod • » ftemgut tiisil** 
taatottslr VA0 ^mlB^ S9,33 and 83«?4 at 98 4«5| 43«4l.t ^ ^ ^ AM^  
79*96 at 9? 6«5| 3S»93| 4^3^ ^TI$ 70mW at | 0 8«S aoA 8^9% 86*01 
and 9%ee at pH 10*S Fts^aetiv^jT (taMa 7 anS flfa« 34»a8K flia 
rapTo^otloa ^otor of ^ a aiwMito i^a vaa S»53 and il,sii at pit 4*$| 
i8*? l aaA %]4 * t jpa 6»S^ li9»It atiS 6«87 at 9V ^.Sf anS 9,98 mnA 
O^IB at pH X0.9 vliaB Inoaiilataa tilth aanato^Sa aaA nana tod a moA 
fanma aiimltasamiair Cfabla 7 aiyl n t * a8>« 
X% la , tfiaa, ^aar that hlfliftat rafiitetlon In plant ire%rlii 
vaa <^ t<i9PT«4 at aoU fit 10,8 CTabla 7 aiKl f i t a . 37 aa^ 18) ataA 
laaat at 8.8 (Tahla 7 ai»i «i fa, 88 aaa 88) iyraapaaUva of tlia 
faat tlia plaata vara liiai»ilat«it v l ^ aaMto4ai^nui««a or \mth 
at«ii«aaao«al7* Mi^aat rapra^natiom of tlia aaMitaAa ma ateaarval 















































































Wtw»0 34-3? fisot »w»^H of «fgplaiit av* '^sa " ^ r ^ l * tiOHf 
on tmtstsl tine th« s^aftilngswltli ibW*"Q*"^^m 
"^p.* a i 
n^«»« 25 
aijttst^a at 5iff«?i!afe ?^TI i^7<a«. 













yfffli^gwif «»$ ?yiff^fegMita jajyut P^'o^ in in soil 
«a|ii9t«i at i i f f«r«at i^ l ^ i l t * 




Fig. 38 lff#ot of sSlffif^eat p'? of th^ soli on til® 
?»fowt!j of <^s!plant Qv, '^•a !Mi»5il# Loa^ on 
lafclom, 
W • I«satoSo alois« 
s • 
REPROOUCTJON FACT 
























. t ^ . 






















o O O p O Q O o O O 
r i N 3 0 W 3 d ) HiMOdO Nl NOIiOnQaw 
82 
1^ 10.S (fii»i« 7 • » ! f lu . as)* 
l y i i i i tf ttittlaw iBJ iiivlt ftf iflilial U larll 
that tfi« s«tS tr«iitaR«!St v t ^ al4tea^ 4> l>«v£stla iii|i?ov«ft tfi« 
mtpfiiieo of ••«4iiii^t i» soli iQf^stid tfitli s«sato<!« aloiifti 
fnfijims ftIo!i« ftui both idth nm&toAm az«3 fdm a^s* Bavistin alto 
icpfovfl^ th« infifgtBOA of ••ntfltftirs la mil inf«ft«d « i ^ 
foa^i aIoa« aziS atsstods %ritli faa< s^» bat nas aot •ff««tivd In 
ItepTovlag ^ « «Bi«rff«io» of s«€tllng» tn soil lafsatea witli 
a«^ato3« aloa* (fil>l« 3ft &a3 ^^» S?)« l!oj#7«r| th« growth of 
pl«att mm lignifleazitlsr 1& ?^07«$ In aK i^oapb, bftiPlstia amS t^« 
i^xta?« of th« tifo uliaa inooulatadl ultli a«m«o<S« aafi fum^s 
•imiltftaioiiflr (Tft l^* 8b, Hga, 41-44 aaS Afpm&ix tilth 
iti«a t!i« aatda vmm tvmttA vlth aldiasfb tlit p«r9«atft^ « 
rtodaotioB in «ii«fi«ae* of •••Al.taft ivi^m mmpAr^ vltli an* 
laf««t«A aoU) in A«Mt4>i« aloaoi fanmw aloao moA awatoaia vitli 
faagas mia U.98, t4.70 «al ^UOQ% vitli bftvittia 3.0«t3, lH.dsi 
sad ai.OS ftsi nith aXdleavb • bafistin « ,6^ U.OX aa« ^.S» as 
fttaijMt IS.US, 31,41 a»! S8,7i in aatraatafi ooatrola rmi$99%ltAw 
(Tabla tft aad fif« 3t)» f»i« 9«;*«i8ita«'« raiaotioB ia <!pf watftit 
ia «irpa»iioa9ia( traate«itt with al4iearb vas X9.90, i«8«90 and! 







































































ftg. 39 ?ff«et of tapeatln^ tli© s«tA9 of ^t^i^l&nt ov« 
r^sa ?UFpl® Loa-* ^ t^ ftldtoaf!) oniS bavtstla 
«loa« ai^ th« '-i^ tuf© of th® ti« an thm «»«?-
•jemod of 8e#lllag9 ^J^m m-wti %n aoll iafostfld 
n » fI«iatoa« alono 
REDUCTION IN SEEDLING EMERGENCE CPERCENT") 
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ngi# 40-43 n^ot ^routh of a««ail!is« of «ti9lafit ov* Paim 
:\i3P^« lan^ raises ^rom 9@«l8 tyeat<>d with 
sadiearb awl bavlstln alon« anS tHm rHLxfeir* of 
tha t ^ yhggi r^fotm la soil if^mt"^ wlfch 
? 1 ^ . 40 
^S?» 4 i 





••als-^ *¥oB f#«i3s tfoota^ \4th 
trtiiaoaiilatgd 
Woiatodt alo»« 
^ n g t i 9 @l^»« 




?1^« 4CM3 Wm% T^o^ itfi of s««illiii«*i af •fl^j^aat «v* Pisim 
«l.dio@irb arid ba^sttn 9lon« moA th% alxliir* of 
th» tw) #i#i fi*efW!i \n soil Inf^ttil vlth 
!r>ixtap« Qf ol^ieAfti tm0 bairlstlit 
W « ^m^t a3,oa« 
t • f « ll«Batadt« aiy! IHn^s 9iwill«ii«(yatir« 
FIG. 42 
I- lU. T ^ 
Fig, m ?-tf"et of 8««^ tFmtsstit uttti ^aioarb aaft 
bavistlfi alc»a$ and th© rlmtu?® of t!i*^  t ^ 
oa th« f»fo t^li of wTf l^an* sv» "^s® Pti?pl« 
fjnuE ia soil lnf«Bt«a ^fch ? t^yl.«ndiMim^ 
ac®atJo<3© poiiaietloa. 
^ a Ho^todtt aiono 
? • ^ a ^ f aioat 
^ • ^ « !f«Mito<l« af«! ffsm^as stf5altanfioatl.3P« 
























\ ] : - : ; : : = ;:!:;:N-';;::;:!^ 
»-
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c o 2 ^ § S S 






i a «»t9M%«A flastrolt r«ti?««tlvAir Cttbl* Sli «iKI «lfi# 40i-4«)» 
fh« MaHyUeatioii of «ii« s«Hiti»a« IMS «lv«rttf.r «ff««t«i 
AS a r««!iit of aypUoftttoas of aldioftrb c»S bavlstia* tHo 
ana loKmiatoS villi nmm^^m lO^ ono ASSI anitatoao • fitRfa«| vltii 
bavlaUn 4«^ 3 ma& §,43. an! vltti «l<li««r!> • bavlttla U U anS 
0«94 vmtpmti^^f foF tHia eorF#ip9iiSiiif ti*«a^«fit9 as amlatt 
%^5 ai*S 4«3J. in xmtfmt^A oontfola (f6*>l« 81i anfl ftj^. 44>« 
It is <sic3.9 fr?i» tli« ab07« data fcliat a ©cw t^ftsttoa of 
tha «apii«skt® of a««4lla»« aa<1 iftronth of plaati y/hea laoeal©fca4 
«ltt} tiia tuo iiatho^aat la dis^ iaa® oonplci ai^aUoa* 
•oil iafaatitf vith Utttyt^ a^miaa i^mltunAm aai 
SaaA IrtatoMt iritli aaaa olI»aaka itqnroTaA t^a 
aB«riaaea of aaadlliafa aai fpovt^ of plaats ia all t^ a ^aal»«ita 
aaa afe tlia saaa Uaa raiuead th9 iwptilaUoa of Hia aaaal«lo 
(irabiaa »a anS {», nga, ^ ^ a»S 90 aaS ^vptaAlx IX). Maaftafd 
oil«aakai ho orar^  vaa offaeHva ia iayroviaf t ^ aaartanaa of 
•oailiati la aoil iafaataii iiitli fuaxaa aloaa aaA aaaatoda • 
l^ mtao CetMla ta aai nf* 4f)t ami ia iaproviai fvowti of 








































O 3§ r4 
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S 8 & 
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S i ^ 
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i^«!a "^'^lo ton"' ijtth •^Iffo'^mt oil«.ea^«9 oa 
'T » "Tspats^t alone 














r s e s Si ? ^ 
cxNamad} soNaoxaMa SMioaas NI Noiionaau 
92 
anS f%%9» 48 anS SO), 
fh« 9«rtt«itaf# r^^uitlsfi in tm^rgamm of •••SXlagt 
l!io«al»t«a ^ ^ i i t n i ^ « «loii% f^ mffiis «loii« mo^ iiMftt»i« • 
funiSitt siKilt«]i«(iatlr ^« t«3S, ^.SS «a! 50*^1 4li«tt •••Si WW 
tvmtiti vttli lopoiint m ^ 8*1.% 1%»8S Ana 33*33 wttTt «i«t«f€ and 
7 « ^ , 1% 3^ asl ^ 2 4 vlth a««i f}«li« •« a^ltist ]4»4X» 39«13 
onS G^^BX in these rml««9 idtli tnitraat^ iS e«f9s r«»i»iHiUv«3.r 
(?fible §• tmA ^^m 4 i) wS}«r4ft« in mm&smtjAlm tfmtmmtu ^ « 
p«pfi«at»f« F^duetioB In <Sfjr i*4dJ5^ t ima J^»44, 27,iS muS 44»34 
wltli rrousilimti ^^7% 'Ift.OS aaS 3%3S with masitt]*^  «J|5 15»?f!^  
1S»30 aaS 3i»4*1 ulth iid«fs cafe© &• Qgalfist 34,4??, 4S,f3 STK^  ?1»31 
ill untreatea coatapols CtaJJla fb an'' '^li* «I6»^ !^ )# 
7li« ?€ppo^etl<in fmtoip of ^ « fi«mtod9 MMI %9(i snS U48 
la troiusiasntf *!»43 nadl 1*^ la isusti^ msA 1«7S &11S 0,89 la n««i 
o«^« • • agtlaat 10«'!8 mn& $*XS la ^ota v«li«ft vlth aa%r«At«A 
•••Si | ^ i a iat)3isi^ t«di Ji^ nmmtoA^ aloa« «ni a«Mito^« *• f^nmt 
•laultkaffyasXr v«spmtiv^ (?abl« ^ aaff ^^ i"* 90) # 
Hii}i««t r«Aa«tloa la aia»to4^ Dofulatloa nas ot»t«rY«d la 
a««R oak* fbllawK^ ^r irastAvi aail frotsailaat (Tmbi« tli aiyl flff.Sd), 
1% 1«^  th«F«lbr«i| laf«pr«(l th«t s««fi |p«iitn«a% vllh a«ia 
oll««ftk^ li^rovai th« iR«rg«aa« of •••Alla'^t maA fFovIti «f ylaafet 
la all \k9 %rm%mm,%»% nrtmtAvat oak* 414 aot liiprov« t^« «i«r* 























































































































































t ^ l ^mi 
,iii 
95 
I'ifi, 4CMi9 loot ii3w>wth 4»f »«*«lifif« »f •fflmlaat «v« fmm 
4lf f^f«l 0tl-«Mik^« ^m wPQWi In mil ia^««fc«a 




Fig. ao Bffoot of »««»d fcptatp^t «it*i ^iftmmt oi l* 
'^rpl« !i3fi§ in soil infeatsa tiiWi a?'.,<^ f^fli^ yaaa 
t! » fim^toA^ alone 
^ • !? • Mflnatod* aal ftm w^a aiiaultimflouslr* 
REPROOUCTJON FACTOR C 
:^^:^^^!:!•i:i;??;7TT??P?r^^7rJ77I^^T=^J?^T^ 
1 





















fli« r€«2lt« i>?<^«at«fi in fabl« lOa «iS b^  ^i^»8i»S4 
aai Afp8»aiz % thcn^  tha% f M A dip tr«it»cQ% vlth oii«»eiye« 
«3ct7adts bfoTigtit tfiotit an itmitm^9m in ••«dliiii; «iiifir«ii'ia« 
BiaiXarlTf ^o i*oot*dip ti»@a^i^t w i ^ oi!.«<^« «xtraeta 
iapPOTod th« flftat fi^vth and at th« tasa tiaa ruditeaS tlia 
po|ml:.tion of nMatoAa* 
Imt^mBm In tlia ir«>f«Kiot of saatllnfa atiA tha gfovtii of 
plaiita vaa diraetlr proportioaid. to tha ooneantratioii of toitraat 
of eii->ealK@f anS alao t^a <3iipBtioa of Hia dip, Host ban^iaial 
aff^ NSt of tha oii^eaka «Ktii*aotf nas obs<4rrtd i^ia aaaAa ar 
•aa9Ita«f W9P9 dippa^ fl»r to idipitaa itt 90 ptraant axtraat, 
^m 9mAw vara dippaft ia 10 awl ^ pare«Rt ooae«itraUaaa 
of Mtatardi aaka ttr ^0 ndaaftaa ani inoaolataa vith tlia nmatada 
aaA ^ a Aiagaa aiaaltaaaonalr tHa parecntafa f^ aOttatiott in aaai-
l i a f aatrcaiiea i^m aaaqparafl irtth vaiiioailataA %iaa (Kl««t anS 
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« O %^ >a0-
^ A Bk A 













?iSf. 31 iffmt of wsktc9 soluble x^fcifiiots of rus^i^ iai3 
nmsz <3ates 1219 se^a trtataeat 01 «a@rg«ii0® of 
soil iaf ist?^ ^ t h '^|?aff^t^:^Uf ?«|tf,t!??^i aafl 



























































ciN3Dd3d)3DNa9a3H3 9Nna33s Ni Nonona3a 
100 
ani i7*ft3 m tli*«t «niili9p«l snA 41pp«< In iwt«r r«t9«el&f Ay* 
Th* 4Mip»«f90»Sliig £ti|ar«« of ptauotion 1» «««Pfffie« l a 6li« 
wm^mHw 9oi»mtwt^%lon9 of m««i M1C« txtfAtt trtrv 0«73 cnft 
3S,6« ulitii dipptd for 60 tttnitM toA 39,69 ftiiS 34.43 fbr 90 
i;&iilla?lr» ii^ici s«991iaf« nmm (ktp^^ l a 10 onl ^ f froint 
eoi^iiitipfttl«ii3f of miilsrtf oalco t&w 60 laliiitot miA ii»cRiIat«i vitli 
tHo a«8Ato#o on} th# ftmnaa «li0^tiiii«oiaii3r th% po^^ofatftifo roAno* 
tl^fi i l l 6vf wtA^t «h«ii ooa^fid tiith ttMnoflQlfttid IMS 44.7A oiitl 
S3* 00 a?ia Ibr *I0 adint«i« Ife i#«s ?fy#61 IM*S t§.4;i af afatntt «i«»«09 
ana f??»'^ ta tlioaa waAi'^tA aaS dlppoS In wat«p F»«9#atlvfily 
CTa'ilo lOb ana fifm* «^A-»I> aitl S4>, fha oofvatfoailng flflwrai 
i n diT vaii^t f>«ft»etloa ta tha f Aapaatlva e i^fteimtipaU i^ia of na«i 
ealea «i%faet v«3*a 4U70 anS ^ . t M ^ « n difmaA for f^ d wlintao aafi 
3S»^ WBA *U«17 ^an €1? aft fbr §0 plustaa (iNibla lOb and f i f t . i a H 
«& anS 84)* 
Tha a»ltl9licaUoii rata of ttia ntnfttodla nas l«St imA O.Sfl 
viiMi aaaAllai^ vara l^ypadl fa XO aaft ^ f iroiBt ooaa«itraHoaa of 
aalraat of aaatarft oll-aaka f»r 60 idintaa^aiit u^ aaA 0«89 for 
90 alaatat aa atalaat Cvdll and 6*73 l a thota aaAlfoad aai i i t f a i 
l a iMtir raapaatlrAr* ^ « oorraapoaAlag ralaaa f!»r aaaa aaka 
vara 0*9t a»i 0«47 f4»r 60 alattat^aai 0*63 andt 0«fl» for 90 
Blatt%aa a% tlia tva aoaa«n^a%loBt raspaatlrAr (fW^la 10l» ant 
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remUt ot Inoailatiiiff tti« •Mdilnir* (difttt l^r 
mliii'M la XOi ooa^mtrfttida of vtttflv toliillll.* 
mUbtmtt of ffittftafd e«li«) with BBiMSQJBtiBSiiiUk 
f; • ITeiiaoQalatoa 
'^ O r«lmifc«9 In 10^ «soaa.-»atPatloB of \mtmf solabia 
©3Cfc^ ao% of fSttst^ jpa ealta) Ath ^i^\^^Anm 
^ 4> ^  « f«Biitoa« a!ii3 ftia^9 simltaniKnifllr* 
103 
n t . i«C ii»ot iffowtti of •ft^lant «¥• ^ ta '^rol* lam «• 
ft rAiuit of ir»©aatini th« »#*H.tn<?» (itiratfi far 
60 eltBit«t la *3t>^  eoi*stiit*atton of v&t^ mtvbX^ 
wctraeli of saatawS oak*) wl^ iQiM.ffi^ lWtH 
irtBtirarffilt ^^ 1tf.»<?tQntll J£2lflal slsmfcantonsljr* 
0 » 0iil!3oailatoS 
Fig, S^ 'loot ffowth of poffTjiant ev, " s^a ?*i* l^« '"^ nt* as a 
r«3iil.t of I'-weal titv* th« siHN!ltnfl?s C^ lfjuefl foF 
'1'^  plm •«» la *^- e^noiiitratloa of iiat«f aolubl* 
•xfeFaet of BMstar^  oak«) witfi 32,M,«#Mm 
C • ^slnoetilataS 








f i t . 8SA Hoot growth of «fi^«a« «v« ^m Pwt^m l*©af a« a 
y«iiiJ.t of laoonif^ ttniir th« ••«Slifif« <Aif»!»«di fiMP 
•xtFset 9f )a««i QiOi*) irttiH JftMJBflllillli 
f i t * 33^ ^^ oot v^o'^ th of attTliiiit ov* I^ Ma ^rpl9 Lonf a« a 
ip^nilt of imotiiatlisf tlia aaaAliiiia C i^pia^ HMT 
90 isiaitat in I0< ooii<»«ntratloii of watur aolt^a 
axferaat of naia oaka) ulth MIldUB^nldli 
G • TfnifiooiilatiiA 
t • f « WawitsoAo Qfvi f i^!i9i0 ftMatanaomair* 

105 
F«fiiit of fnoctil feint tf»*» ••tdtttiift (<liw«A for 
60 stm «8 in lOt Qoi^ Miitvft^ oii of imfedr •ol«£lii« 
oi^&Qt of nmm eftlto) with HldLflSttiJilai 
6 • 11)3lii»Qal.at«i 
ftlb ia^ loot TFO'^ r^th of •ffglftiit air. '^sa ^ f f l« TjOftf «• a 
r«fiilt of liio«wllftttjif th'* •••lltfift C<Sl!j|i«3 for 
^ wa,mk%mi in ^* mtmim%w&itif»n of m^tw mVabl9 
•xtraot of n9m QA1C«I vltii JilsSjQS^ KllJUli 
c « !riiiiioQisiat«a 
t • f « iNBmtoelo «ai fim«is iiniiltaii«mil:r» 

106 
f i t . §4 Wfm% fit b»pff«wti-^l|> %ri«l»«i% ©f %mAXtnm of 
i^mm 9^«9 on JTmwtefi of tA&Sk% fa soil infmtvA yitli 
sisiiil^ft!i«mgly^«ii3 on Mnato4« f99i^AM.oa. 
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5 | : ; : I«; : : ; ; : : : !M;; :>;^:{TTTTT O \ UIG 
^ 
s ^ t;M>>;S:{:«»i:;M:;:!»!:!:;:!;!^ a. Si 
$ 
(J.N30M3d) HiMOUO Nl NOIiOnOiH 
107 
fyewtli vlfeli ir«iiid%ioii in a«Mlo^« poisRtl^ iloa oe«»rPi<l ulitn 
••«ftt or ••«Sltii«t vir« flytiS tit ^ vir«iin% «Klr«o^« ^ 
tfi^«!*tBt oU-««liM ^ ftiiS l^Tif^maA a««i otl»«ftk« (fife* 9X> 
a») 94) l a |>«i>tl«iilftip» 
ea f gglaal la Hi* yF»i«w of 
^ • t iaf«o%ion fiiolItQ tmu^mm ia pst»gp«MlT« d^gr** 
of «nl&'*ir'«'^ t «p« in(9icftt««A b^ * ooiff^tpoiyllat; a* stago (IMntgitikta 
«i^ ntaliadfl, W^X) vis*, s^ ^ tll^^ilx svoli^i in vaiiMil rtgioat 
S^ sort «aiarg«l ^sa S^ « 9taf«t % ^i^* «!i].ars«dl ttisa 3^ • 
•ta'**.^^ ftaijr dv!r«(lo?«a ^th giAatlaoat amtrix idthmit oiit aad 
B^ 2\ill3P ^9Vil9Did vith «iff a«iioslt«9 ia i^ilfttiaoat aatrix* 
" f^ffolts pemmtwA ia TH^ Xo 34 «i!! n t n SSA»a7^  an! 6IS 
shon ttiat oa ifiostiiBtiaf l>i« ««i9l«at with aiaafee^o aloao aad 
afwa'-odo • f^ nisat simltfttiocmflr n» idfiM« ^iff«r«ao« ^m» 
ob««trvfii ia tlMipo «»•' «is« of tN« 9ott iaf«o«iaf fmmUm uii %o 
48 Heart of iafoo%i<^ a« f«iwil«« ia «tj^ » «!^ «3i ^4 aaif ig ttagoo 
voro oboorvoi aftor % 6^  20^  IS and 90 4«f« r«*i»oetiVilr of 
iae«ttl«%i#a vitli ataatoio almio (Tabio XX aiia n«»* mhSn a u A, 
M aaS i t )* HOWOT I^ nhoa iaooaXatoi iiifeli a«afttod« • ftrngaa tho 
oorvo^poniiaft sUfoo mmm tmmA af%ia» #% XO, X#« 90 aaft ^ Aaya 






S S g 9 













«1tff«»*fnt 8tar«*f la t>i« 'Iwflleijpi'mt of tmelLm 
of ^ # a«iiato«!# ttn«r 5iff^«»ft tTit««rvai« of 
iaf^elloo '^m %>tyi«iof«it«ii ^M!iifoyi»t« aloii* 
nm* SS.1 ana l !bgt lafoetla^ f « ^ © of lff^fl«i?t|al1ia 
paoifbf^^ afta? @ tiKm?s of Infeotloa 
(A) la absfiaoe of faa^f &a& 
(1) la p!»«8«ne«» of f\mf^ 9« 
FIG. 55 b 
of *H^  niiiistodo aft«* ^tffir«nt t?it«pwal« of 
tiff* SUA and S %8t tv}f«ottnt f«Ma«t of JiiE]J| | iM8i 
»f^ g^ iMBi.a aft"^ i^ honf* of Inf^eUon 
CA) In abtiflneo of f^ n«)!iis anel 
<3) la pvoooneo of fungus. 
FIG. 56 B 
I l l 
diftm*«n% •t»it#« ifi tli» dmv^mmmt of f«f^ al*» 
of t t« ao^toA^ a f t * «lff«f«(ftt intflr^ids of 
tilf#Qtioii itdlth loterl.<fyifaBlm» rflRtifff*ff^ iP ^<>^« 
f l it* i7t ami 8 B»tt iiifi»ot;ir!«; f4iiiftt«K of JB|| | j | illi2lU| 
vmAffemtAf «ft««r ^ honrs of l!if«etioii 
(A) III «!>s«a«« ©f f«n»tt« aaa 
(B) la pr#9«!ie# of ftiii^t# 
FIG. 57 6 
112 
f»g«. iiiMW Hiott of •Kfflant ev, 'lita nrplm U^m 9^^m 
<!tff«*^t^ ttfttM la tH# <l«v^ oT»m«»% of f**»alo 
of Wi« fiiBatodlo mttm €lttwmtt *nfe«rv«l» of 
inf ^tton '^ tH J S J S U Q S M M F.ilfllif!iFS l^ ^on« 
MI^MA 9tmal%mnmm9lym 
fgn^m MA wMI B first elftto 9»«t iiif«ettiif f amtlo of 
(4) aft«r 3 ^i^s of ififo«tlo» i;i Abtonoo of 
fttiii^s Audi 
CB) «ift«r 6 4«y« of ifif«otloa In 
o f TOlWf'IIBt 
FIG. 58 B 
113 
flip* B$A0Sm motm of •fitlafit «¥• '^ iwi "^ HFTII* T*aaf thmim 
Atffmmt 8tsf«i in tli9 i«via.oiMi^ % »f f«nal.« 
of lb« !S«RBated« ttfl«r (ttff«r«iit liit«(fVtt|s of 
tnfooUon ^«ii JstMJQSMBft gtHlfillBlI «3.oiio 
flir«* stA fttii i '*m'$ »i -%««• post intmHm fimio of 
(A) &ft«p € di^t of infooMon tn 9^»mm9 
of ftmiiat aaS 
<B) afttr 10 ^iiys of iiif«ottofi in ^pooonoo 
of ftinimii. 
V 
FIG. 59 B 
114 
flit* i8A«i0ii m&f of tfifi^ Mit w* ^ M ?iin»i« t^m •^^mum 
^iftv^mt staffs in tH« <!«v4iopi!i -^ at of fcrnl* 
of tli« nmmto^« aft'sr ^tff«r«it tatwiralf of 
tnf#9Uon vrlth :'to|f^ <tBgfnil„t^ « utSUSueidLi Aiono 
*l^s« 6dJl «iii B 1M?^ stasf* tj©ft lfflf«otlnt fi««l« of 
(A) iift«r 10 ?«r« of lnf«»«feloa in •btiooo 
of f^ngos aai 
(B) mttm IS ^My of ltif#€tlotii ID pTmmm^ 
of fungiia* 
FIG. 60 B 
115 
difftraxtt t^ fd* in tli« AmAmmmnt of fMHO.* 
of tii« nmm^e^m mftm €iff«r«it iiitifnmlt of 
infmUon lAth M | £ l j | | M l l i tlBlJOEUeilJl «ioa« 
f l f«, «IA «iii 8 WsarHi •*&«• ^ s t infnetiiif tmml« of 
(A) « f t ^ iS ^«!rt of imfmtiBn In a?>f«ao» 
nf i^ tQuistf Ami 
(B) aftiiF 30 *l«yt of tfif«et4^fi In iii»«e«Q9« 
FIG. 6f B 
116 
diff«Piiit stafM in Ctii<i <l«fi&<i|iBi< t^ of f«Bittl« 
of Hi* a«wi«oio %f%mf Aitt«tmt la%«fir«lt of 
lafmotion with MSS&MSkOM. y*fttft>g«4« Alono 
I^Ug(^ fliiisal.tftii«mia.3r» 
flf»# SUA waA % f i f ^ »t»«;o iso^t laf<»etiiif ffUMilo of 
(A) &f%m 10 ^ay« of liif "Otlon ta abs^ n***! 
af f^awf «y*S 
(1^ ) Attmt 48 days of lafootloa la ^vm9m»% 
o f f^mgiiAt 
FIG. 6 2 B 
117 







Fig. 64 tm,^ of aiW*f^^4fta ;:,Mtas l^,i> 
3 » rbsterior r«ilon« 
FIG.64 
119 
Fig. 6S Dlagrsiii tho^ng dtff^mt »taqos l a th« 
Sev0lop8s?»at of fm^0 of th# nii»%r)d« aft#p 
^lftmfm.t int«rv*l8 of iir»eolatian with 
??QtylQnolmltia r^jt^fglfl alono and liMffl<?^lt>t 











I f , 66 DlaprwuBt s*tov'fi«? ^lff«*'®at '^Uif.m in tfi® d«^«» 
lo^w^nt of fecal® of tftn ififln&t»^ « aftflCP aiffr»<»nt 
f r t f t r ? i i a3.o!i@ &S3& !laW^?^»liUa gflairc i^nalLi 
.7 « K«nto€« 










lofinmt of fmmlm of th« iiflpat«y!« sft«i» ^iff«p«nt 
15 DAY N 30 DAY N 
100 um 
3 0 0 ^ ^ 45DAYNF 
FIG .67 
122 
mm% of til* a«Mi«od« mt diAaycA^vlth r«du9lioii la tiM^lii Hi* 
f?*«l«M« o f t^O fOIHIlia, 
3«3.i Iff—t of («) Ofn>lMtt ootailaf tnfootid with ^p^jnilaiii 
I d J t t *^*^  offglont iooSllttgi ^t»fo^ ttt OBltoyo f l l t f to 
of g* iltgliit *'*^  Co) Oioy aiioo oo»toiBtn| g. jflftit ^* 
fho voooitf pr«9ontoft in fiblo i t i thov that tho 
fs0fmmt of la?voo w f poor tawoi^t tho iiifoetoft oielooiS roots 
ao eoisparci to fif^ altlijr 1*00to* 7li« ^memktmm of Xaf>v»o POTOI 
tonordo inf«et@d roott *J^m ploeoft ofter 6, 19 tad f i hoisifi IM« 
fM*83f lS«3iO a!ii 7*30 a» Ofplnut 73«66| 60*33 onS 4S*!t9 toiforAi 
fiottltlQr x-ootf ro»9oetlv«ilr« Ao t^o ttso ist«rval t»atiio«o ttio 
troatf^ of tho oxeiooi pooto msA tho aowitodot laorosooei tho 
Xarf^ ttoir«ii«itt doeraooot, SiRilir r^^mltw y«ro ohtolnoi nhoa 
tho oxoiooS roots ir<iro Icopt f^r 6, 13 oad m hours sad roaovod 
hoforo aomtodo troaofor l«o», noro aomtodos voro attrootoi 
towsrds tho sido % «^PO tho hoolthr roots woro iif^t. This i s 
forthor ooaflm«d nhoa lorvoo voro oloood ia tho 09000 hotiiooa 
tho osolsod iafootod sad hooXthf rooti^ vhoro also aoro Isrvao moved 
tovords tho hoolthy roots* 
(h) Siailorlr, tho Nor«i«at of lorrao towardo ^ o toots 
diiypod in mltaro flltrato vas poor as ooapa^ od to aadi^ood 
oaoo* liioa tho iar^o voro latrodaosd aftor S| I t a«! m hoars 
123 
of IcMpiag th9 nntrmttA ip^tt, lti« iiov«iia% HAS t3«M| 0O.33 
39.33 99r9m% toMirte tli« roots dUfnoi la oall»ro ftllfmlo* 
Llkoiflflo th« aovMiflnt no* lfinii«to«a iihiii tho oKOltoa roots iroro 
rooototf bofbro troaif«rrliig tlio Ronoi^ odof* 
In oil t^o also7» throo li>ofttf»«iti tHo m^wmmt of aaMitoAo 
voo mHw'^wAT offwotoft in tfio iioirtmiia^ Init i t later iaeriiafoi 
vit^ tho ii^riiaso la tho ^ratios of Dcniplaff tho oxoiood Foots 
of sooftliats <!l9!>«fi la eattii9« fUtrato, Ho^ «v«r« tti* rorofso 
ims ttiro vlth «roissA roots of isaiSifpoS sos^iafSf ifbsro ^ o 
t^ oiratt«at AmttmBeli tdtli iaer^so %n daratioa (faMo Iftk)* 
(o) 1^ 0 Po^ isBoat of l£^vao tovarSs tho agar <lise5 0o»» 
taiolag ths f^agas nas also l«ss thmn tonards tho st irl lo disss 
vfisa aseatodos v«ro pl^e^A aftsr €, IS anS ^ ls<mrs of traasfsr 
of agar disss* ^iail&rlr, tlis anirii«r of larvao aoroS toif«Nls 
ttio iTiooiilt»i disos mis Isss Hh^ i tho larfas iroro traasforrnA 
bstvooa tho iaooolaa and starilo disss, la tho last sitaatioa 
ifli«ro tho disss mih aad wi^oat iaooalaa vara kspt oa watsr 
agar vtatos for «, Ifi sad M hoars aad latsr rsaorsd lioftiro 
iatroditotai tho larrao tho f oresataffo of larfao aovoS towMPds 
tho fositioa oooapisd br faagas disss nas X7.S0, 13*SS aai «,«0 
as afalast 9r«7d« 30,01 asi 17.90 for tho sositioa of disos 
withiMit laooalaa ri»S9««tiV4ir for oorro«»oa3iag tiao iatirralo 
i*iaiKl# o^ » 
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I t i« •fl4«ii% twam lh« «iMv# «ftt« that fffr«f aiMitodM 
MVttf to««fd« roots iiir««t«di ifit^ J» j&iJSlt ^ * roots dlynii 
i n onitiii^o n i t r a t o of J* j f t l t t i o^ ^ * f^Mfitt tmtatiai ooktctMt 
to «ii»y 4itot« 
/ 
^ • ^ lfft<it of oiaturo m t r o t o of iM^otoiAM aoimat oii too 
t^mmMmm nt •••dlingg «iel iryeifth of ognlaat trom I B 
•o i l mfoitoa ^ « t tJBt-rii^^iiy »Mitf||H|^>afl niMitoio 
fho voiQlts prMsnttA l a 7*blo 19A OUA f ig , 68 i^ iov 
that ^tm sooAf voro tomi in ntaotodo infott^d to l l treatod v l ^ 
XQ ^x of eraltm^o f l l t roto of tho twum* ^ * m»ume9 of •oti<» 
lingo not ftdvortt^r offoettS in *S*» ooaeontrotloa mw ooMparoA 
to unt?«atidl sooSo aoim in asetotodo t a f ^ t t d mnA a«Mitodo firoo 
t o l l . Tho «Bfs*s#mo mm oonpartfblo uttti ^lot l a t o l l laooolatot 
wltli OMMitodo aaa f^aipts atwataaaoatly* Tho «m«rfin«o of 
•oadXiaft fipon tho toaio ooiia l a aaaatodo froo aoll troatoi 
vlth ealtaro f l l t m t o nas alnoat t^o aaiio aa l a aoll tafoatai 
vttl i f^affna aloao* ^laH'^rly^ nhaa aoada v ^ o dlvfoA l a aoltaro 
f l l t r a to of tho fnaifiia atiA aoum l a aaaatoio lafoat«4«>aoll tho 
aaorcaaeio una oivoraalr affootatf la **il« eoa^aatvatloa aai thla 
aaarftaao aaa aoapavahlo to tho aotl lafoatofi w i ^ Bvaitodo aaS 
faaiiaa tofo^ar (liteio Uh awl «lt« « i ) * Tho aaapnaaaa of 
aotillaca fima aoti* dtfpai l a *S* ooaoantvatloa of oaltoro 
f l l t ra to la a«iatoio fstoo aail aaa atala alaoit tho aaaa «a l a 
aoll lafoataA with l^agaa aloao* 
128 
f»M« 3J«m I ff«•% «f «ia%ltr« ftl%l«t« Wf l|hi*»«i^iii^ 
f s l i l l «a ^9 mm§mm9 of tc t f lMi t t««i» 
l i « g r t » M i l iiitf«v%<i v i l l i 
twm^mt 
jg"'""" •' - i i i J M M U M l jiMia •iiigjfiiiiiii •! 
9Bi9Pg€EM# ll4i1|fllt4lA 111 
!r i i i i»«Biatfft 
Iiioeiil«t«i iAVk nmmtoA^ 
otilto?* fl l%r«t« 8/n 
<^t»3*« fIttPAt* ft/8 























































ia^Sak ^» «i«Pf«a<^« of sooSltaft of ofg* 
^ a a t w# r^isa ?ttyplo ^j&m In »oU l!i?«it«l 
^a^ms Qlofio 
ifteatodo ftJifl fanr^ jg siesaltsmoously 
t) 05a©#nfci»®tt«in of <3«itttF# filtr&fco 
B/4 eoa-iasityatioa of etltapo flit!*ftto 
P/B com#ntratloij of wilto^o f l l t ra to 
^ieato^o &sA n er»QO«ritratio» fof 
01)1 turo n i t r a t o 
H • n/*>, m !f«ato<So aiKl ^/^ ooii^«nfcfatloa of 
enlturo f i l t r a te 
i • s/4 « ?f«H©tocto aatl V4 ootte«itwitloa of 
onltaro flXtrato 
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Utid Hi* liiav«ft«« i l l tH« <llliin<»ii »t «ia%ar« f t l lTft t t 
%fi« mmtnmf'^ of • t td l tnt t tn botii tfi« al>o^« estt* ii9iH»v«i ta 
SluAl't %r«aiS «»9 Qbs«rv«S vltli fro^th of tl&attt wltti 
puditeUoii la grovtii ti*iin b^th nmmteAm fr«« and a«Mtoit infottcA 
•oiX lAff trofttiia v l ^ **n'' eone«a^aUoa of Vk^ onitiiro f t l t rs lo 
ana iMi^fovor.mt ia di lut ia ( s / i ) oonotatPiitioa of Hio f i l t r a lo 
iiH«i oon^ EPoA t«ttii thoBo %r«at^ idth **§'* Q^n^«a^niUoa (folilo 
X3e^ ftgt* 69S ftSiS D and 70 «fi3 ^ppoaSix XX)« fdo roSuoUoa l a 
plsat ^Tovtt) i a aoii troatod ^ ^ **'^ ** e^ae«fit9fttioa of fsaltoro 
f l i t i m t t aloao 1109 eo!S9ftr«!>lo vith thoso iaooul^ QtoA idt^ faapii 
•ioao OQfl that l a awsato^o iafo9t«d«90iI traatoA witti tho isiiitaro 
f t l t ra to idtti t^o9« ffova ia to i l iDooulatoS » 1 ^ niaalodo aaA 
ftiajcoa •iifnatanotnitly <Tai>l« IMe anfi n t , 70) . 
tho MilHuli^^tioa of tlio annato i^o not alto aAvtraAr 
affootof bjr ttia mi l^ro f i l t rato* ?tia raoM^taotioa faolor not 
i . 0 i , i « f t | a » ^ aaa lOa^ l a aoll trtatoi v i ^ 9^ i/9« ii/4 aal 
&/• «oaoaBfe9atloiia of oultufo f i l l r a to roepaotlTtair aa afataat 
18.44 ia aa«raa««< acaaloio iaf«itaa aoll (tabXa XSa aai fic«?0). 
X% ia alaw f»oa %tio f»vat»iag that ttigli ooat«i%va%ioa of 
oaXtara f i l t ra ta tiad a 4Aol«rioa9 offa«% oa Ilia «iiarg«iiaa of 
aoaAliaga aa vAl, aa oa Hio gMvUi of fflaata. Oa Ilia oihav tiaiH, 
tundra f l l ^ a t a aHaa 4 i l« t« l Iw4 a stbnuLatorr affoot ^ tlio 
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iMii« Sit 
«f «ciiila»« in full intrnm mW an 
tiL. M» 
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iMli vttl«« i« a »«att of ! ! • • p«^iaa%«a. 
133 
Wsi« «tA^ 'loot ffovth of 9;f«glaiit «•• ^ w PttF]^ * tom 
i^g» ii§A 
^ g . 6 ^ 
IRtth ?? floiWi#atwitlo« o f «»Jltttr« f t l t r « fe« 




s • ? 
n Cf 
S Cf^  • S 
H\^«l GHF 









t i i i l i iooi! let«d 
ll«M«OiS« «|.9II« 
l^tniRiff aXofi« 
if«Mito4« an! fV in^f tHwOLtaftiemsty 
s ooaoi i i tFat i f i ! ! o f f ^ i t o F * 
f i l t V A t O 
'^  QonoantrQUoa o f O*I1%WP« 
f l l% f t t t « «m mea tod* 
S / t «mM«Riffftttoa o f o n l t i t r * 
i / t QMMr«ii%ratlofi o f ou l tu ro 
FIG. 69 B 
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ftfi* mh^ loot mm^m »f •fffaaat «». ^ « i PttnAo T^ng 
on •lAtaf t^« <mltitt?o ft l t^ato of ^taoateata 
^ i » 9m ^ tH V4 ooaoflattvatton of oulHtiPo f t l t ra to 
ftf, 9 ^ '^th %fn oone^^atration of <3iiltiir« flltsrato 
C * tliilr»€iilat<id 
If « fffna^ odlo aiono 
F « i^m^s ftloiio 
9 4. f • ttisatodo and f^n^a siinaltaTiaMialy 
S/4 Cf • t / 4 ooiio«ii%ratlon of ailtiiPa 
filtva«o 
!?/4 nii^  • H • i /4 «>ii^«itaNitto*i of eulltt'fa 
vll»t>va%a an^ fiaiiatMMi# 
S/i C? • S/S «iii''«isit??.tion of «»tltttp« 
flltvata 
S/8 CF • If « 3/S oonotBtfation of ailtui*® 




Q cua S E K l SEBasftH 
FIG. 69 
flf* 70 Sfftet of eult«^« fll.tr«t« of Tftit MfIffiili MOJUIL 
oa {ffowth of ofiplant ev, '^IM ^r^lo lioac in 
90U iaf«9t<i« wttti ^|yXfn<;^lUi XJBl£l£BU,«»t 
on a«r.toa« iiofitiutioii. 
^ • ^mm.to&% alono 
'^  • «%!i'^ !i aioao 
^ *. ^ « ^«Batoa# an'l ^a^at 9iwdtrn«m»ly 
'"^  » B eoii?5«atwitl*»9 o? oaltsipn flltyat© 
*V9 " VI Qoiio«fiti*atloa of onlta^o flltrato 
V4 « V4 Ofifi'Jifitpatlon of eralfearo fixtrato 
*y« « ?/B oone«atFatioR of eulta-^o flltrato 
^ <• 1 » HiMatoao and fi ooAOMityation of 
oaltttra flltrata 
W ^ n/^ m fiMato^a aaS S/a oo&ata^atlon of 
aa. Intra fillv«%a 
H ^  $/4 « ll«Mi1sod« audi S/4 ooMtBtratioa of 
oul^ra fll%fa«a 
n ^ S/B « ll«Mtoaa ana n/9 aonatiitvaUoa of 
omtaro flltfttta* 






ClN33U3d) H1M0U9 Nl NOIlOnoatl 
m 
wmwm •f mam wmmmm »• *••» f^iw i^^ *^ •»«» *» •«»tt«* 
!• #f jBitillBr 
1% i t «l«[iy f»Mi t#»3.* U muA f l i t , n lto% mm M^turt 
•ar90i«ir«t to ^ ^ f t l t r« t% 
I n 55, ?/S, ^ 1 0 , 3/190 wstf 9/iOOO ooMtiiteP&tioat ©f 
Qultur* f i l t ra te of j|» j a U a l ^ * f«r««iit i M i r U l i ^ of th« larffto 
<>^  JU f M f f f r i l t o f t ^ 19 hotirt of OKpoMvro ims 73*93, SJI^ OO, 
'»4,89, a , ^ mnA 0»0| aftiir M howo 98»d0^ «8*eT, 34«00, 9.88 
anil 0«0| a f t ^ 48 lioara 100»00, 9S«dO, 48.33, 3,7«II7 aai 0*0| 
af t iv 78 tiottra 100.09, 100.00, ^ 0 0 , 48.44 via 19. U aai aft«r 
88 ^ottra 180.00, 100,00, 80.88, 81.00 aaS 91.00 Tmtpmtl^Af in 
ooyrooyeadittff oottOMttatleni. 
8 ma» a/9 ooaaottl^ fatli^ aa %«f#wili% i^ ^oni 100 pwmt 
• t v l a l t t r 4ft«r 48 aad f • }io«^a of oxyoawro rooyooUvAr ^ t in 
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?lg« 7i H«ir«i}«loB Haul #w>wiiig lifitar yAatlouifilns 
o^  iMaft^ tama Binl««« «»• woi^ taitty of th« 
CtLOCCCOC 
X I X I 
<\j ^r CO <M 
CCOCCLCC 
UiUl UiUJ tttt 
< < < < 
9 ^ f 
(b<^ )k-* 
AinVibOW iN30b3d 
P I g ^H §,S I Q ff 
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ftf iiti«rooriftiiltii« ta«t«tftiif f^tti^, %ftftt«rift ftai aiiMto4ftt iAi«k 
««% ftiiA inltnuit ftt IHiT e«mw «h« tftftft ilji^ eui* fdft liiivftl«r« 
«fi inttrftttttoa ftntf i«t«pr«lftttoiuihi|i b«kwt«a nmm^^^m mad 
9th«r rieroorgftalMMi liftt htmt Tvtimnfi br ^iitill (l.^^| 1973yft 
•nl b fti^ X9?t)| Dtttoftim C3»«»);lfiUfr <19«S)| nt«li«r (I9«S 
ftiidl imw)f '#«lf«tiiv (Itaftft)! B«rf«tott (li'T'a)! mnA thtm (XSSI), 
TtiMft tludlftf imv 1«S to ft oHftarft ftros w>a»»9ftl6of«iilft to 
mauptttbofftftte dltftftsft ooEidftpt* In ft rtotiit sliiir on iiftWitftAfti 
ftttoftifttfti idth V4^ ftt«!bl.ft «roi»s la moA memtnn Allfar^ ««rtftln 
pfttiliM ia ft fl«3.^ of ftfiGPlftati lutrbfiarinf Hi«ti to aodtrfttft 
imimifttioa of Ti imfai^i i rtttftmiHt »«•• *^ 9«a« ^»«iy ««wg«4 
vltli tlio rooWiot Aiaifiis, ^tao^toaia j^ UuBl^  ftt mwmrtA to 
ftdjotalaf oa«ft iiii«rft tk9 pavftl^Hoa of tlift a«ft%o€ft «•• lev* 
T i^ft observation ofokai oo lal«Pott to <l«tipaiaft liboliitr Itiit 
oflliftBftoi 4ftaftift «•• oftMftftl or bftwtt^ o of iat«vftft%loa of 
S* TlWII lifl^li vttii ! • lAlilL * ^ to v9Fk oat o fmbftblo aoatrol 
of tbo avabl«itt 
)£ f a aa attgapt to ttaAr tNo of foot of tbft aisa^oio oai tlio 
fftftiaft oa Uio mtm$mm9 of aoo^latft of offplftat^ tbo tft«ia IMVO 
booR aowtt la 0OII iaf«ftt«i ollli Hio aaMtodo (]X>00 ani 1090 
Jaffti^loft) aaA ^ o faagm (1.3 aal t«0 §) imiwl4n^ir aipfttftt^ 
•Ml atHi liotli siSfttoio aaA llHiiM to9itb«p« Kifliftftt y«i«otliMi ta 
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in* «i«ri!«M* • f •Millmrt ham h^m olM«rv«i In ••11 lmtm%m 
«l«fe ^ t h tli^ #rittitl«Bi tei««li'ir iW»X9 1 mwA nt» ! ) • this 
i»lt««%«s mti% tti« %m •TfttBdiwi «r« ft^liabljr tat€V%«li«c %• 
y«iel« in fl^t««€V ?#hi«H<»ii« italtar iiMr«»«« is 99«t»«irf«M« 
4Mr9lii«i-off of eottozi ^ii« «o Ji» mHasX <^«riioldg Aoi iliBtoii|ldi7)| 
•aa la F«a«iU«ii in mm§m^^ of towite •••Uliiifs Hr ftflgftltlHI 
y«ii*'*ii Csiwia* «ia SiMiniii, IW^O) t« <^ « iir«ttao^ ©f !» ijMtifa^li 
hat l»««Ei pip«»rt«d» 
orpmlMit, ••ftdllngt of •ffi»lati% !!••• !i««i ifio«ll.ftt«i «rt^ iOO, 
3.QQ0 wsA K^IQQ ^ir«ill«i of 1» y^f^fftyt^g f i t Ut m%X moA 0«if 
1*0 *tiA %0 f of J» iStlttll 9<"^  ^9 9011 •tpuratilrft Xa ^ t l i ttio 
«•• • • ^«r« lM# l>««ii tm ia8r«st« in th« F«itio%ioii in tti« 9l«it 
ivo^itli vttli •» iit«r«ii« In t^« imenliiB i«vA| lilf!tt«»«t bi&i^ 
olisivipoi At lti« 9000 |iiT«iiil«« or 9,0 f ftoips ( f*H« 9 «ai 
f iw# tA^4)* A y^AftUeimiliip of thi« tcitiA b«fttf»«9i 9l«at growtli 
*a i l»ir«MHi>»t itw^iiliw l«v«l of ii«w%o4« hmt h^m obifrrai lir 
<^tli»fti muM 9m0m—m (li»4t)t ^ f f i r t i%9m>% f«Rid«li •» ! 
Koli Cl»i9H mmm% Cl!»M)f ^M« (it9»>| s«tiiliort% (Jm$)% 
Wii Oi»t<Hi>tgfc l l t « i ) | «•! »f 1 . jtiLial ^ ^«k«^ <^ ii»f ttnooii 
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irlth atMilvd* fr««tat»f foiiittf liio«al«ti0ii anS f i t * v«rMi vltli M I 
tat«pvil / • f IS 4*rf tevtvtfii fell* In* iii»«filftllotti £a an cttmiyt t * 
^#t«miii« iili«%liiir tli« liit4^««tioii i s «»aoo»it«fit or t««(iiitiH«l* 
fhmm hat b««ii tiniilfloaiit and alnast acmal v«kliitUoii I n gyo<#tti «f 
plaitta bo^ in siMataiiaDYia anS aaiiiiaiiUal iaoaulanaaa. M^vfw^ 
in Imlli tha aaaaa i t vaa aora than t^sa inaavamtiA itilti liltiav a f 
tha patiWfMit aioaa (tabla 3 audi figa* 6A«6}« fhia ity tlia»al^ra| 
aontrarr ta aartaia aoapimaa infalviac lAilSftfiE&i * i f* * ^ 
^feyi«iflii|iiya yw^^yaja nhara graatar daaaga is obaarvad aithw i a 
aiffitiitaaaoaa or aa^aTitial iaoaiiiaUoat atsS m t in betli in oaa 
atngla ^iaaaaa aeai^ai aitaaUon (Kavaaara rniA Hivaaayl967 aadl 196i| 
l^rtar aaA Bivan^ 1967t l^inill an! Battaa, X^ @7t HaLaaias aad 
^ v i l l , 1970| ^vaUly W7lA audi b| Baviitl j l jy^« 197I| Hattriak aai 
SoaHiaf^a^ WT€% JSmmr and Bivalniaarf WBX% anS Ifagron JK| I3L*»2M^)« 
Havavar, tbia ia i a a«r««iaB% with tha diaaaaa aaai^ tax iavalviat 
laaioa aiats^la aaft biaak ahaak faatat on tabaaao (laaialii aai 
PawAtf WmU davtar (}JltO) alaa c^aarvad an iataraation of 
wmA§mm aagitaia uti^ foo%*vot l^ nMiwa oa aaateaaap• 
/^  Ni^ilil&aalioa of Hia ataatada haa %aaa poor ia tlio 
p^aaiita • f Jfb mSML ^ ^ ^» aoaaoatlaatlr aaA aafaaatiaiXjr 
tViaailaHoai fMrt lr baaawaa of aaaiiAirailabilitor of tool 
l i f i a o mw aaastjio 4«v42.opi«i% aa Uio luaiaa balag aatiira 
«il«»taa» toittllHi i « Hio oaEIMiitt a t \hm reo% tiaaaaa (Ilia4fa 
mm^ t^<^ i^ mtAmA am mmMm^ mm ) «aak at*^ b i i ^ i mt 
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l i t * efol« of th* nmm%o&9 ! • «ea{»l«t«S (!i»lili j | AL*t ^^ ^^ 1 
o%«if«, JL^ Of e&lu% WH w!^ tm^ mask ami nmm^ Wff%% fHift 
asil *mrtl7 hmman^ of toseiel^ of th* r f^ttsfiolio i^ 'odaefct of tsiio 
fiiama to tmmtoAm la ^l^lU-^tt to e«-«tam •Jliyiiolofl'^ thsmm* 
in ttio host dtt« to 'af^ttofi «!il latiapaotloii %pltH th« ti« 
natfio-?*!!!! ( boif X**®y)« ^9or watlnlleatloa of ii«nato4« In 
eofwss^ltant liincidlati«^n ^^^ n««a*^ .^o ani faiwias tias alao hem 
*Taii*» Cl** )^? tilttPtSLl 8f^ Tohfttoa Cl"^ *^ )! ?Hi^ « (UTS)! «ni 
'mM.KiA^in rnr^ ''ax«f» (iiS^) ta varlmts ni*«at^»*fttnfal. tnt«i*» 
Havliir an ln11*^tioa tliat tli« J* yiwitfbyfPly aaf5 2» 
lati^aat la ooiialair <ir«at«r daaa^A to aicTDlaat, i t IM9 ooafi4«r«A 
«foa&mi>»lo to work out o<«rtata fasto^s affaett?iis t^# l lswsa 
ooagkaB* ^an aaoSlla^a of diff trt t t t ataa lia^a h^m laooiilataft 
fmm wmf^imm of a f f i a n t fwoA aoFa pvoao to tafaotioa vltli 
nawtoAo M i ^Mgiia aaparataly aad totath^ir la ^laaata aoBia,«i 
irttiiattoA* Aa tlia ata of ulasta at tlia t iaa of taooiilatioa 
iaw'aaaaai tHo tewNta to ^attta i s Umm of vataatloa l a itovtti 
Aaartaaaa aaA ^la laaa% «aaa?a ^al«i as>aarr«tt liHaa • • v a ^ 0314 
aai i i la ia ara taoaolatai CtiUla 4 aai flga* 11 anl l f )« 
laalataaoa to wwMfoita ov f^ianal atlaalt «fttii taaraaatat a«a of 
ytaaia tiaa tUm hmm r«ior%ai aavliap t r aavaPiO. iNMPlMta 
lav i f f ts aas f^iity l a t t i m^mmm^ xm^ H^yi^ l i f « l ilKiia 
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IMOt ma flrlfnii, xm%i ma nAlmm j t AIM It^ Of Di«klMoai 
i^eie{|«d«?al. flltaiaftf taflli at 9^«)nlie orintiiit in host with 
iserMS« in «t« laaaAtiif to ttdv«rf« •oHr'^aiiiit for tli« invKSlat 
Hft^ ieraiit 9mt<Si h% m tm inH»1i«hitttiM in Addition to otli«ri for 
th« r!i«l9t»iie# In 9X«fitf (%o4, IJW). 
tli« fFowtti of ptftfitt he^ ia aoao9ftttio<i«iil4« (niM*^o 
OF ftiai^i ••iNi'"Atil^ } ma hlm^&V^0,mAe immmtoAit.mra ISmmtt) 
cjr^itifjtti hat b#«o vfflpy ooor la olar ma Maek toila tdtlioat 
aaaS (!•», p«iF« olar an^ l MHOIC aolDf aal saaS wlttimit eXmt 
or blaole eoli (Tablas aa anS b aaS ^gs* lS»t4)» Satiaat tlia 
^raoaaea of tha pathe^ f^aty tlia 9r>or frovl^ of 9laata ooald aiao 
ba 4aa to tha aoll taxtnraf aafafoarabia fbr pra^w toot iava* 
lopatat* tfia piaaibilltr of tttiiaa aoaSltloaa frodiapealai tba 
plaata to attaak br fe^iaf«att Im^wwrn^ oaa aot ba rulai fl^t* 
Oai^ta tba i^ aaaaoa of tliatiia fatbagtaa tiiara tiaa ba«ii aa 
laprov«a«al ia ftavtn of i*}oa»iata< alaata ia idiqr«faal atataraa 
af Uti (fabia ia aal flfa. Hft aai 3A) aiil blaok aall-aaaft 
alxtaraa af t i t CfMiia ib aai nm* t l aal t<) ablab a««U ia 
tart ba 4aa «a fawaMd i^a falraaa f^mt) Mtiramaat praHiai 
br tba ^m/^tM^ aail*aaai aialaraa i^w W9f>% fiawtli tbaa 
aaltai ^m Mataab «a tua »»«wiigai» fb«al^a, iHia aanittr 
af titaiM mmUm aaalt ba mm la ba bigb ia 4td» i l l aai t i i 
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•iar*»i«i Mil 4t0, 9*\ ii3 ftiii 0i4 hlmmU mXl^MtoA wlmt^m* 
tli«a olayMMMa (liii^upli) ii4x«HP«»f parUr toMwit* of f i i f l i^ 
porosltr of til* sou lA th« f9f««r« 7^o«« flnltBit oray tte«p«fbr«| 
ta oooova v l ^ %h#s« if«poPliA Df <39roi»ii ma& Uttohiai (3^9) | 
a«irt«r (2.^8) ma0 CHIiolkifo j ^ j||^ « (l^Ti) ^«r« Utlifeor oolli 
(!«•• b««ii femwA to fiftfotir dif«•«• tf«vdl09it«iit* !l9wo7ory thill* 
• r« At •HFlaiKio vitli tHo^o of <t«lfaio j | j|L« (1^ IA«) ^ ^ ropoFtti 
tfimt sAaS oentootA ti«v« at> tifntflotiit of foot in tho liiel<lAne» of 
eottoR wilt tii!s«B tlifi Qlaiits mvm immaat«S i d ^ >^||«ffff^ ^ f^y^wm 
f• iioAiof*^^ onA H* ineogait^. noth toll tAXtar* oiiS toil 
•tfaotoTA imv% hmm kmum to inf^ntmst tti« <1«v«l9iiB«fit of tfttMM 
eOUtAi ^ J , iSldUlL ^ offvOttBf t^O OOil OOPOtioB (BOViff, 1986) 
vHi^ ia twm tBfl««aeo ^o olr oofoel^ AIK! iia»ii0O9tll«T3r yofo* 
oltr of t^o ooH* flio aullilyl^iootloB of ^ o a«Mitodlo hm* 1>«in 
liifboot la ItS olor«>ooai oaA 4tO liloolc ooU^ooad idxtar«o 
yfoNftilr «lioo« a&«iiP*«o pvovlio a fofoaranXa M U tmtaro vltii 
«pitHa iovo ipooo flit root €miMmmm% totoHiot vltli ataotoAo 
•oipoiil mm «il«iiit«alij»«ft Hmt MHUgitoattoa of eiio aoMtodo 
ifttH litii«r yiOfoviloa #f olir lo laaA aai la piHro oUri « i i 
yayo ooai ali^t la f w t ba 4ao lo ooapoolaoii of foil. oiHi l i t t t o 
yoioiilr Is tiia ittvaor aad wiim foro o^ aoo villi yoor «aiir 
totoalloa ooyooilr ta Hio lallor^ offop|a« aiiroroo owrifoaoMil 
%mm §» gloal aai UNI a«Miio«a <iMlaoO| wmU 
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fkm irtvili 9t f issH tea ^mm 9oor tHrim^Mnit lli^# 
09 fwmmM 99 nmm%9i9 • l^ affii«» fHi« rtitt«lt»ii M i Utin Twr 
higliJLB M U wlttKwt t 1> It f«p%IUsirt tW-lm « unfi f l ^ . 91 *nl 
m)» AlAiUoii of 1 i> 1 f«rtUls«rt ^ytntt «»ottti «» iatr«M« 1» 
trovtH of ittffli filants, XiMrtftcinii Vk9 aot« of !r<twi%) bvlati 
mbm% an inwrMt* in 9l«tt^ frowtii i^«r«it Ifiat of 1» or K « ip«iii«* 
UoB* tli«r« hM i>««ii poor nultiiAiofttioa of tho ntmftfeodo in 
hii^of flosM of 1 %fHi«h oould bo ftoeomitoft to lo«l«ttr of 
ftiTsioiiiwi ions rAoftsod duriaf tlio ddooaposition of %ho «meiil«*» 
ooatainiiif ti0tllt»m§ (Otidfat l^Sif «»I %?^ii| l lTiK This 
i t in osrofnuiit vitu t ^ « * of <3l«r^n «na HUit ( I 'Ht ) ! folk 
<X§90)| CoiUnivr (19fl6)| llaffi «?BS <!tt«r«Miiofi Cl«*«7 wr! Vff9)% 
mikw (wmu mmmmm a^^u i^i*«Hfiia.d ons i>!irF (i«i9)| 
tfyoAHr^ ijr J I i;^ * Cl^^)| i lM lo i r (3.^S)| Tolinioa msA iltiwoi«li 
iiiimjo j i l iL* (l^^>t HoAHiooo-KolboiMi jd gi^m (19^)1 naflra 
( l i i0>l Soiro oai nboir (WH^h ^o* lOMm (]Mn)« Hior^brot on 
Oi^ vr •&! iatroooo lo ivoiHli of laioaiko 1« 1 1 f s inointotot vltti 
^lto«r MMitoio or f^ mpw •» ^vHi oii^i i s povt bo boooiioo Im 
19 Uioro to iffol^o footiat roMtttlai i s M P O nilvioafto aytolio 
aaA botlor vooi ftovHi aai ^mf^f %mmmm INT poor oofiiloUoa of 
mo B«a»lo«o (Mo J l iL»f Utiti HHiftyyMiv Si«ff Hiliiot oai 
Mofioilaoaia^ UM^i aaft HKHMff I M i M i Sit&>« aitliop tatUoaoo 
mt Hio iiooioo tomtf^ oB •» foov^  iaowli of pljftlt la I i > I oai 
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II ?> t f IMF ill mr% h9 0tf t» ttift tm^ ^hm% *^f^^ Mi*m of P 
•fiA 1 lMiv« h^mk Ifiitvii to tmwmr feh* -^tinlicatioa «f tli« 
nmmto«ni (Kir kpm^i^ j i i]^*, 1<I«4| T«ftt#«, I'W*! Kha% XmiL% 
1970) ftfil tn oapt b« aii« to iD^Alaae* of t!i« tntrl^ifita smUabl* 
tQT plant cirovth (St«wi«€, i!l*^)« 
'^th lnerm9% in pn of th« toi l , t?i« p«^ottoa In |3N>i#t*4 
of plants inoflolatoS ^m nmmto^9 mai tmm^ sopa^at^F o? 
ooz^osltantlr <lar*4;a99S ispto §»S tmt a-^ln inai*«as^ at %%S 
(?#Ji# 7 ana Figs, Sv38>| ^igUast r^dttotlon helm observe at 
pi! 10»« (tibia 7 ani ^«»». 37 am ^ ) in all thm thyaa t79«i of 
tnnoolatioM* "^ if^ ljr idl^lina aoU ipH 10»S tn %hm opasiRt 
•tisaiaa) la not tmwrmrtm.^ for olant »Tovth anA, th«r9fi»pat i t 
Biftit b» ona of ttia y«aaona fOy «iifh#at vaduotion in itfo%ftfi of 
plants inaonAatad « i ^ nivMiteda oi^  l^ iniiKas or both* At lov f^f 
(4*S) tha <9ia4iasa sar^Pttr 6nm to 3« laiJBl ts aamaatad to 
iiMMpaaaa as fiaa hmm% i^ aportad ^ tatii and Mk«»r (1<I43)« ffia 
ooaaibtll^ of 9N of ttio toU tnliv«ally affaatiag tlia ^llaaaao 
•Of «9rtlr tttt^ o«t#i tlia avatlalbilltr ^t ndaaral aa^rianta, liowavav, 
oott nat ^o voiad oot (Baliar OBA Mar%laao% l^OI« 
Hio iioltifAioal&oii of tlio naiiatoAo iMa lioan favomrol by 
•ft aoMto f«iifo of pR 4*&^«i (fak l^o 7 Mi Hi* St) uliiili la %M 
oooofi aitli mrmm mH Ntiloift (iMNDf iraaail C3ii»)t fitaaald 
*aA Oovo (1M»>| mnm iun%H daHdo a»i DAatoaa {%m%}% 
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vill i* (197t)f Ogimn (Vm)% l^«rf iwn}% BAVld* (1MNI)| 
«ftMi»B «f ^9 iMMto€« ftl iH ^«S lAflit ill ^r% %t Ant %e imiv 
W99t 4«iritL9pi«iit f^ r ii«wit9««f fe» f««A •»! to A«v«|»i» anfi in 
Hart aa« t» tii« t%9% tiuit slkftltiui ?«!i^ « of toil i« mOmwartihlm 
*9T ii«Mttod* Am^mmmt (Wit^m wnfi i* t^ inv^ l^^l aal Bi^alola, 
1^1) • Thif Qoaftmf th« flniiiifs r«p0rt«a i s tn* tr«t«iiiit 
f « f M tH«% fOOr <S«V«aOpB«Rt o f V0«>t JlfStOl l«»!!« t o 900P M l l H * 
?>iioAtioii of %h9 aoMitotfo* 
Xa on ftttio^t to mntt&l Pi% <1iaMs« 99eipi«i oitaatioii, 
o fsljselaifo of oldieaf^ ond l>ovistt£i liao ti^ «ii to9t«S« >^«B oupliol 
m* oooA tr^-itooDt, tho siiEtiiro of oiiioort} -»> bavistin iappovot 
tho oBorgonao of ••OSIIIITO in toil lafottoS iiitti awMitodo oioao, 
fmapio oioao oni both ^tfi afltsotoefo oaS ftofut (Tofrlo ia aai 
fit* ^ } * Bofltfeia aloao «• a sood troataaat ha» bois •opf offoo* 
ttiro la iappoviat ^o oaorfoaoo of aotaiiafft liotti ia toil iafootoi 
vitli tvmm* aloao an^  faa«Qi idHi a«Mto<iO| hovovor, a»t offooti^o 
•ft tapfovtaf tiio mmgmtf of oofftfitafa ia ooii iafootoi wllii 
MMioio iftoao (Hitelo ta aai f i t . a») vHioh i t anSogrataalaVlo 
•a 1% to a llHirtolllo ani aot a a^aatioi^o* Tho fftovtii of flaalo 
i t tifBlflaaattr tayfotot ia a«io«i%| Wvittia aa^  tlio aiztaro 
of mo too irtioa iaooiftatoi allNi aawiftito aa« faagao oiaaliaaooailT 
Cfii^ lo i^ aaA flgo. 4I#44>. ft fw t^f^ lT i^oaro tlMt ia t^io 
Atooaoo ooagioa lHo aoaateio fovt i t ooaltoUol hf aiilowli aaA 
tiio laagaf yovl W Mflolitt ao titooa «ro aoU ioaiaa aiMiltl«l«t 
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mm fiiiiti<i«« wmtfm%UAT inn 9m1mm mwA »»«i«rft, Wf9 ftiA Wm*^ 
wm}» la lh« prmtmt 9tmim «l4l««i^ «• tMA trMlaiat tiM mil 
^«iii ABMIIII Id ii^v»v« i^« •R«Pi«ii«« «r giwim «r fltftff t» uii»til<r 
iftf«f%«« toUy laspit* 0f b«liNK « «r*ttai« ii«M%i«14c niittli M^ r 
fftrtlir !>• due to l«v o^nowitpatioii of tri« ii«Mitl«ld« titt<» A ada« 
«»¥• of «14ioAf<li ftiiS l^«Hftla * • ••«& tr«ite«Bl, hat bmm •ff««« 
tlv« in teU iitf«ft«S irtth Biwitod% ftm^itt or >m%h vHtHi tiili«»too 
ttiAt thigr «?• «OK9«UHo saS fraoPffitUo (i|(ir0fM.I.»lM8 anft Xtid). 
Sluaiot eftifH«d out in tiio 44q^rtiB«at CKh«ii j | iX*9 3.9i6« 
X17S «iiA l§74ft| mmn msA S«X«M| X<)<fat Kh«ii| Vim% nmnmm J I j|9L*t 
X971| HXmrn and l^ ftii^  1^4| AWB, 1179f «nA AlARf X9?6) AnS 
4atiMli«Po CsitDs^ , Xl66t Slai^ «»t HitaraMlAli^ 1066^  Xi#9, 1070 
aiiA Xf71t) hAvo fhoim ttiat solX •»«KlM«iitt vlth oSl«<Atetf ^f«#» 
UT«L|r ooiitToX AMMtoAofl, tam% An! divoaso oo«i^ X«xot tRfoXtriiig 
ii«a«to<lof mn& tmn^m 9itt tfooliti tiavo botn v«iioi tfltti voftfd to 
•oowNiiog of olX*»«k« OMoiiAatiito (Slagd anl 9i(«ro»Alft!i| X96t 
iui« i lM isa j l l l * t X9rx}» 1boiNill»ro, to r«Aaoo t^o oool tsfoXvoA 
ift «lio noftX CMiiiaw* 1^ 0 oU*ooliof tiovo %O<R afyXiod «• tooi 
troitwii l mwM %wo»foot diyo, t^o oooAo of ofgfXoat troatot vltii 
#U*««li»f iMiiro litiR ••HA ia ooU lafootod vltti aoMoiodo or l^agii 
fv kotii, fHoiPO IMW %•« ftikiw^ la»fov«B«Rt ia tlio oaorfoaoo of 
••ai l laio ia H I Hi* itepoo lr»oo of in^iioidl ooiX vltli aooa o i l * 
oalio C«i!>Xo fa aai f lf* 41 >» iiovai^ait oako ii«i aot liooa iivai 
•ffooHto aaA Ml* wmfA%B v l l i a i i i l i f i oiX*«aleo Havo Hooa vaiiiiiiXo 
CliMto ia aal mt i 'mm mm mm •••^iaga vaiooi l»oa oooit 
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•««%«t « i ^ •U*«ftlc«t }m^» hmm 9mm in ttll Vkm ^wm t^*9 mt 
t»f«f««l tvUi %%• Timxa.%9 in v««i>««% of 9Xan% ttpov^ lift*r« a lMtt 
bftM id«BiiMl (til»lo 9li Ml f l i t* 40*19^ 
j a i ^13 ^W®» 4 ^ . » M k « i lMV« l»««B fliyaiil l « t>t • f f « • « ! • • 
i a r«dii9i!}9 iiinittto«!* |i^j(al&Uoa AUS t i l^f l t t %%%m t a fi««i <MUe« 
f^UoiTiii t»ir MQtttf^ Msft irfmiiSw^iit C7*i>i# 9ti «iift Tit* SO)* 
Slfnlfieftfit p«Siietioii i n ii<«fttod» peptflaUoii at « y««Qlt df 
• • id tp«ftt««nt vitii 9ll*o«lEfts hftf itl.«9 li«iEi fipiFtftd tiir i^mgli 
(3M1) xaAm eempR'^ ^ogsQie t^tiditioa* Iii«ffleft«r of v^stmiA 
imt ttwS <"«lativ^ar poor off«eti¥«i«ti of ffastttFd e«le« for, i iproviii i 
th« «B«rf«£io« ftnil ffowth^ln l^« prestnt fttiai«ff ootfLd |^ 7obal»3.f 
!)« ait9 to tti« ffto% tfiat th« mmiii«^«tioat of t ! i^« oil.«*oftlc«» 
QfiA ft!if!%t b* lov fi»7 tHo tiost and tho ^tltoffon ooB^iiwtiofi 
<^«toa on ^iAf^y l^X) * I t omili also l}« b«iosii«'o of tli« 
ii^foraiiQM i l l ym%m i>oqaiP«iflttt f)»r tH«lr ailtifitofratiott WBA^ 
feli«r«jbf^ f67 9ro9«r off load of tti« ttiv«# otl»oalc«t at 9ottit«A 
o«t br XNm (IHSX)* Mtordliif %o tiiM fio4Mi oaka t>«(fatpat aora 
4fa%av f t r balt^v aff^iaUirMaaa than n^ roaoA mit or MtatarA aalio» 
l a Ilia tratant al»iiaa t^« nalair aiMai iiat %mniBt Jutt t a f f i ^ a a t 
for m^m^ aaka and o^ar aaffialani Ht tha raaaislac t«a raaaltiag 
l a lb a i i lultott of ttia aaHva frtaalfXaa iavalirai ia a t i ta i ta 
ooatfol l a Hia oU*aaiiaa oHiar ttiaa »a«i» 
Wiaa (iteo aaoia liava baaa ^If^ai i a axtraata of aaaa aaS 
ioalaf« otlttOalMai ilia mm^mmm of aaaAliact iapto^oi i a oall. 
tafaatai ullii aaaataAo • f^agaa (9 iHa 10a aal f i g . 9kU f^ora 
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hM 199 hmm iwifV9fmm% I K «II« i^irtli of •••ftlliitt «if»t i ta 
Mi« «K«raHit» df til* %m oll«««le«f • » ! MMR la mil iaf«0t«i v l ^ 
the %m fftt^ffiM (tabi« Iflk Md ftfS* 9t**8il uai i«>» tlHi 
auaUpliefttUtt of tlio ataalodo avouiiA ttdo roott of •ooAllagt 
4i9|^oi in m% ixtraotf of tho tuo oU«e«lco« ti«i boon iNior 
(t«i9lo a0t» aaA flf» S€)« thm IneFoaio la tho tatrgoBeo of 
•ooUiiiis (fA&lo IXki aaA ft t* BXi msA tho fpovlb of ft«n%o 
(?ii!$to lOli «»$ 7if» S4) iif a i»#itilt of d%9 trm^mt fiaa liooa 
dii*««Ur ffopoFtioaol to tlt« iaoy«ato la t&o ooneoatmtioa of 
«-!!• oxtraett of oil^ealiof asoA an) also ^ o duratioa of ttio dlf 
tvoatRoatt litflioot h^m obi«#iriA at WH ip9r««it fbif 90 tdaatao 
of oaoh of ^ 0 tuo oU*eiUiM Cflii,«l,52B,53E» & 54). ffieo aloo, 
hf ana larg*! aoai oil.<»oako «ctv««)tt fFovo mifa off#^tlvo thta 
a«itai^ oil««alio* Tlioto voiBltt aro t%ig fai?Xr ee^N^riblo 
vtlh t^ to roportoA by Ibitan <1977)| Sbatmfar j | iL« ClfTS) 
ana llaao* iXW$U 
•oiia ooatol id Mi oUoakoa la Anwvt ^m oovn is noU 
r#«a«o tikoiir tbo otAioaim i«itaAaUo« fvoAnofo loido to i»ot^  
a ia i t i ia ta i tmu^m vMoli aliHi bo aiirwo^r i^fooilag H^ o 
poptlatlaa af botli tli* fattmoaib Niprtgov^ r^  ^m% i t ovarr 
yaMllilUir af tlia tailolae of iatr^Sf aooiiitita ilNiaiMai tbo 
«a0raia%loa fiaiaatt oaoli aa flioaifta la ai i iHaa to aair avipMila 
aaUa oto* aai iat i lavi i f toatotoato atiiaot Hia lafoollaa br tbo 
pUbataiii lltoft j i i U t 3i^># Ilk* Maa yvlM^iilo alibt %a 
•9aiaHa« btailiaa atlMNr aoifcaaltai» ia iba brabbatfilt ifNra 
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! • «>Fr»t>»r«t«ft HT • • r l i i f r vt»»r%s lalieA%l«g AR tnortftt* Im 
tli«[i»iit •(>»«••% mt ••«ilisff« I r w l i t itttii «ttw«iEic« «i«r««%« 
iWtmM j l I L * , X«74«)«iii ] i7« | DtfllMMl *nA fMMAt 1^*1 ^^ 
l»iUAi j l iL»t yarf4f HftsMi tna Sftxtatt Wr4% Alwit l»7«t Aadi 
In %h9 %m i tad lM M d * on t^# «ff««% of oU«»««lc«i9 tli« 
••g!!/bttf#»root dl9 %r«ii%B«fttt| on tti« o^ntroi of dlSMto mmsHm 
tti« a«ift oolco frov«t to h% «ep« •ffoetlvo. fli« offioA^ of 
aotR oiiMmIco a l ^ t lit dtto to tlio fiiot tliftt otrtftia ooi^ eraadf 
oueli «• niri&iiin, thloafaoBo tm& ainSlraohtin oto* (Mittmt I<»99f 
ana tlialnir j l ! ! •« tMX) yrottst l a aota« aot «• a«Mittoi<!ol. or 
a«M%of%ii%i«* Al^ottf^ oiaot fliaroo of mMt/f^rn Fotio liavo 
aot b««n norlEoS oat i»tt% i% ifo«a4 otrtaialr ^o oa loir«r tltfo. 
Z% ayyoart froa %tio fOT^foiat ^ a t t)io f^«at lioi Hotn 
•iViPaiAir affooilag Itio a«iMiio4o noitlf l ioaUoa* l l i i f fi«% 
to aapi^tol %r Mi* ataiioo oa Mio lif«i»4r«la •^ ^(i* aoaatoio 
l a Hit froooaoo of tlio f^ tagao v^oro ao% oidlr «ii« otso of tlio 
<iov4&o9iBi f«Miioo ( f t io . HMfSm mm €$mm) i« wmm^m nat 
t l i i l r MtWft lr t * AAtroi Cli^io UXlaldae^ia aad 8axoMi» IMS) . 
IiMtMiooi Of ^liiill.i»t iiiropoa offot% of niaipio oa a«at«o<lo l i f o * 
W^9 era sii^ aaoMMoa fta Hio lt««NilRiro (Saoa oai la i i tOi 
l » i i | nrftiv Atti % i l N i i i « % W(m$ mmm^ mm^ U t t r m oai 
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JMMM% » t » i Alii lNiir«| m§}» fhmm rtwilt* w^ tiov«f«», 
«t wmHmm9 villi «li»«« ef fwtHmw (Vmn) i ^ »ip»r%ii tliai 
ftal itf«*^<l.« la 4i««»«« mrntUrn titBAttoa« ttiM« vttriftH*M 
in tli« yMoXts M«a<l !»• ^ « to dtttmmnt liost audi tli« rae« <if 
lii« l^ittiiit ii««fi l a ^ « p7«ttiit ttiiidlM* 
f l i* mwmmt of IMP?** of ^ « iiiMitwS«(iffiiB %rwitfirr«a 
ftftiP eti« fioots htkwm hmm. k^% Hnf ftf I t «tia i i honpt} tonuNlf 
th« Foota df tiMtfliftif of ^gpataat lafottoS wtlH J , jttilBt ^ « 
l>o«n poor OS ooapar«S to l iMat^ onus (Talblo IM}* tlio MOiroMKft 
of larvfto tovirdo t!io {•) roots dlppod in euitiiro filtrftto of 
ttio f^ mgBo (Tobio IM) mrA (b) oiwp aitof ooatolaiiii tho f^iiifas 
(Tablo C>, tMii olio boM yoer* ffioto ott^lot t ^ v tlimt ^ o 
ttOtaboXlo pro6i[ra%t of tho l^ meiti i^loH ooolA bo yhooolOt orpoilo 
«oi4o #to, {%ot«r, ljM0t oaA OooliyuiOi litM) wlvvrsoaisr offoot 
ttio tt«Mi«odo biHftvloiir. mwm^f wltii Ibo iaoptoto la tho 
iarotioa of Hooylat tbo o^MPtUai^  «lf9«i la OBHAFO f l l^oto 
l a tuo f olvlitoliot ^ o aov«Mftt of iwrvao loimNlo Hio roots 
laproiroo f i i l i M r tiM ny^ll int aotobolla yro^aoto «biOf%ol W 
Poott oro iooilMl m% iMl it^Nwol lato ofor aoflaa M S tlio 
•owMAiivUoa §mMm^ Aotvoaooi* en ^ o otiior ioatf^  Wio 
t«f«f 00 liat booa Itao «ltli Wko IMTOOOO la 4«r«tloa of kOiplAg 
tiio oBoliii roott of tool&lttvi lafootoi iilWi tlio Aiaiao or I M 
imm* • • • r i l i t o ooattioirtr >ii«mo of f «ppolttia «Moi«UoV 
ov ro»0MiiH0 Of oaoMoiii^ oMMM «o B(HMitovoo# aoiforoTi^  iHo 
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^g^«ia®«eitePftU9a <SlittgL«r^ ^ M ^ 19il M A IMSf 91fi | IMOf 
«adi Btenalt wii Hid, VM/f} moA gL%mm%%mn 9t pR CIUMI M i 
Hiivfiiiii 1»S9) •%•• •i!v«rtit3r *ff«e%tiif A«iMLtQii« Miv«Mlt ••« 
net b« inlid ««%• 
^ ^ p t l i ^ %o «t«a3r Hiftt ^ « vol tor* filtr«%« 0f tH* ftsafiis 
Hm§ Aflifthiisg to ao in tli« dl<s«it« ooaplox sitafttlea t^« •mAt/ 
plmat* tiavo b««ii toim^froifii in mil liif#it<i6 wllh liHo nwatiodo 
•IKS %v»«ttiii nrlth ^ 0 otatoFO filtFOto of thA foiifti*. th«ro lift* 
boffi A ntditetloa la oBnrfoneo of ooiiXlai;* (fabl«9 13ft aisl b, 
ona f i f , @«) «aa ^^ i^ oiftH of flftatt (1tet»io ISo n f « , «9A aaS 70) 
oir<r aalaooalatodl osiS ttioso taootaotoa \iitli nm&t/oA% ftlon« iihw 
•toadftrd eolatloa of eaitiiFo fl l trato of J . Jfltllil ^«« boin 
Ad4ol la a«Mto4o iaf <>ot«a ooli* BilaUoa of tbo ooXtaro 
fiitvoto briatt «bo«% a ftfoarabio offoot both oa tlio worfonoo 
of oooiltaio (tWilo Ua oaA b aail n^, 68) aa^ «fow»i of yilMito 
(f^&o 19« md figo* #90 aai 70} onlr la ^ o^asMtratioa ulioa 
ooaparoi vtib «•• ooaooatfattoa of oitittt^o ftltawto, stallMP 
ti*lbit«nr offoot of iit^iiv oowioattaMos of ooi.t«ro f l i^a to 
•f d» JtittH «» ylaato bM booa oboorvoi br ibovwioi aai 
litaibavi (lMt}« fbo froooaoo of (Miltioiiioii^ ^«»»«i«ooolio 
CSburwoi anl U«ib«Pt| l i f t ) o« oovtid aoa vuvwtio fiqrto* 
toslo oiAoiaatoi (lovtoo aal Hiroro, l i t i t Vbgatota aai 8l l te| 
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the filferat* oauia alto )»# rMiwailblt for 9e»»r ii!i<ir{;«fi^ « of 
04i«dlliift a^ O^Kiifth of flants In th« ?i?«t«nt ttiHtiw* As m 
i s «l«o -lUuefla t!i««®t>F r«iltii»i?tg '^lotti^-rto off net C^ fr#f»a anfi 
*'ay^», l?l'B| i#^ ioB»ftii, 11>«!B aaf! 'mm% o^rijQs ar^ '*wto% r»97t 
?o^g ana lol'ian, IJISi Ch^ n, 1"^ !^ "li'iWWO<f a?*! M!*!bf«ff, 11^«!| 
o^Jel iii i3^«, lie*?! ^ank aiv! '^ofieta^ I*76| iimhoaay, n?6 | 
?h«l««i» anfl ''rataa, l<V5n| af¥l lartha '^ arthy an^ * t^i»«»ath| If^l). 
?h#if<» yosolta a?a la aty--«**<«t t^ .tH t*io»o ^^ a^alt a!2^  *¥a?jel« 
(ITm) and %¥tha '^ af'thf an*^  *^ l7flBat*i Cif^3)» 
^ *llafh«p sols'?i«stifatln«ni n^ fc*?«i «il.tiir« flttrat€» of 3# ifilMl 
*!©•?• b«<n fOttwl to ba toxle to lafwa of 2« y<«ift»«B^a (tablo 14 
afni n«?« 71). Dilution of th«» -s^ iltuipo ftlt-ato poiolta la 
<!«or^atn«» tha toxlffltr %r a«ttato«a«i^  am! at vary ifiltitafl oon* 
oaatePOtloB (3/liOOO> tha advarao affaet i t viaiblo only aftav 
tfdiM^rai «ii»oaora (7% 9i lioiHPa) of ttio atnaeoio* m^wn% 
•ffoot of tHa aaLturo fiJltim%a of aovatiil foiifi en aortalitgr of 
naKteiAot taM %*m, i^^ovtotl by stniKLa and Swatiip (l^].>t MOM 
ill A* CI9fS)f 4tMi j i i | » « (l^f9)| aHMbpa (307i)$ l^raHair 
imm% MS NMA ciMi3ft« 
• l i a W l i i I t Otn ^ a a f i l r OOaol^ai tha t %, ^mmA^^mmmAa^ 
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y«#altlttc la « Ai««ft*« mmAw •l%ii«ti»ii mnA tti« diuifti* i t 
IM«r««iftT lifht Mil vltii f^U «•«• of ff ? K f«pilllt«rt mrm 
faole^i S0S% Qoiiltieiv« f^r tti« 4«vil«9fi«iit of 4if «»•• ooaplox* 
iil^«»if(i ^0t% H«i i>««is fpMtffp amftfo to i»lftii%t in ^ 10*8 ot 
0 ronat of iiMiato^ o ai)^  ftmsmoy bat It omil^  olfo l»o ^ o to 
tho f«i«t ^at^lEolifio roiifo i t noAivoteroblo for flant i^irtli* 
Tho dowiffo, th«t»-»fiB!^ % oon l>o toi« to bo !ii'»>i In oeidie rtztfo of 
pH C4«i)« h niictiiFo of id^iooi^ <ot ^o rato of d|/iO g tot^t) 
and bavlstta (at tho ra^o of fl^ E^ JO i 8o««t) fivot an offoo* 
tlvo ooutrox of *iot*3 ths atnatodo arift fiiaiai part of tho iSlftato 
tffilTooo* 1!Ho no*! ^ko i t i»?o offoetivo *ioth as toad traatmoiit 
and bavo-root dipt. Of t%o abovo tuo tho baro*foot din troatiiaot 
fiToo bottir oositToi of tho ditoato 90«j^ ox* CB» MIdMOX, ^ * ** 
adv^rto ofT-ot on tho Iifo»aralo tmA Mov«i«Bt of tho Maatodo 
nhi^ «i9laiiit in 9ft3*t 990P ntaatodo miitiplioatioa in toil* 
I* flWllffffflilli i^ th«oo ttodiott lli«*o{b**% aypoayt to agfimvato 
tho ii'UPUt ytodtiood l^ 1» MB^MA (AtiKinto% aat9| llttl, UNMf 
laitAiM ani Qwamm^ lif^t ll»rto% l»lli| 9ortot»% IMtf INNrdll, 
19S3| foytor oas fmtm.^ l»m% fitvill i»id dattoi^ iMtf MtliMloa 
and %«ai, littf Mil HiitMrt ^^^ •"* 1^4)«^ 
P, 1 !f M J ,i X 
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•tC»iMi% • • • VMS* ffmlm S«Kg iftt «%t«rfr«t iili«i 
•wiAt v « « MWi im to l l i s f M t i i uttti a«Bftt»A« 
l i « l «f ^ « %w» 9«%lK}t«B«, «iiiiifieiB« r«ftit«ti«tt 
i a ifiLmat crmi^ vftt ot»f«v¥«S uliin in9<Kil»t«A n t ^ 
1000 mA ^000 |av«nU««f 2«0 MIA %0g ^ MSMSX 
yA%h hifhirft rfdnetion hHm at iOOO |aY«illMi 
aail HvOff fmiftia r«iii«etivi(l3r i a a<RipKPata iadenla* 
tlotts* 
3* ^«a s««Allagt ««ra lm«mls.t«l ^ t l i iAt)i«r v«iil-
!W« a«Mlada aloa* «r Atagas alea« ar bath t l a H * 
taatoiailUr or aaaaaatiaUr vltht siaa':^* 1$ 4ar» 
ff lav t» ;fun,^s ar w l ^ faacas 18 d«ra fr^i^r la 
ipHittft% a&9iidlfl><HiHit faiaatiaa i a 4 ]^ a i l i ^ t af 
i a aateirfl&aa &a 4nf aaiitfrt ta aiaaflktaaaMia aai 
•a9ft«ii«l4l t u i t t i i l a a i a i i % iMaatitt a i t i l i s l * 
f lawl» iMI i l ia iaal iMi a f Mia Maataia wm. 
af Itoa A M M i llaa«M% 4 a v « i a t l H i * mtapf mui_ti~ 
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7o«a««r ••«ftllait wtP« i9»«(al.«t«A villi nmmtnAm 
•laaltMitimtlr ^ ^ i l ^ iii^i««Uaf tliat Fe«ni«P 
•Md(iia«t «!«• mrm 9foa« «o d«Mf«» atli ^ « 
merest in ^ « «<$• 9t •••aiifift «t th« tla« of 
lmoQ2.&ti0a %li« d«Mf« In 91% tn* tF«itigiii%t d«» 
«p«if9d aiyS l«ast F«fi«ietton iiRf r««oi^ «A ^m S* 
if*^ ol^ • • • ^ i a t t mr^ ifioeaUitti* iiaUftrlr 
t^« pat« of iitaUia.ieftUoa of %h« aMKit^o vfts 
•oro uliiB eaowifo^ old •OiitfXlaft mro taoeolaitoS 
^ t 11 ^tstmntd vltli l^o fa«r«a«o ia tk% ago of 
•Oiillaio* 
i« tlio Aifforoat aiic«ttrt« of 40.10^  OP blaok ooiX vtlli 
•aal tafla«M«il %lio utovlli of offglaat aai ^ o 
•tikil^iootioa of tlio afito^o at van* tHo growM 
of f&«iia ivivoaooi M» MIO yorooatafo of aiar ot 
Hiaok ton 4oov«ao«i la tlio aiatooo toiloi* Xa 
amatol MIO i lffootal idlalHPOO of iaor*oaai %oo-> 
toC lilfliool itonlii «ao rooivAoi ia Hio vatto l i i» 
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«liU« %n %l««lc Mil^wMi wtxtiirM in Sit* Wli^iMt 
y«i««tioii la grwviii of fX«i%« ia ^ i t • • • • «fap3L«i 
•l«iMi«l'»a wM M»««rv«i ta 4i0 •i«r«MBl| M i I t9 
%\*^ f«U»««at» mili«t% iiBlttiiU««%t«m of Hi* 
ainato<S« vac o%f«f^ «A la i t3 el«r Mai aai 4t0 
HXaek toii*Miifi Mlxtar«», Br aaA IsFf % tH« MV1%1« 
flioatioA of ttta a4Mloi« «»• Hl#t l a msok aoU 
aaS i ts alxtai^M at eompa^ ai to «3.or*aaiii alztnrot* 
e* Hiitiott F«auotioa ta pmwtli of In&eiiifttoi (al l ^ o 
thf00 tippoo) pl^itt oemxpttA ulioa w 9 F H fort i* 
1.1 sofa v«Po ttiaoS* tho fponrtti of floata tapvovoA 
at a roo»at of aiSdiiUoa of W l» S f«rUils«Po» *m 
inoraaoo ia do«o of I osijr hat a mo^l^^o rAatloa 
oa fffowl^  of 9l3att irfilio tntrootlaf iotot of P 
and t bai aa aAvtrto offoot oa plant irovl6» IiOtat 
i*oltt«tioa ia groifi^ at a f 4MKilt of laooolatioft 
not o^trvt i ia io«^Io 4oao of aitfotta nitii o»ti«> 
Bt& 4000 of y aai I Ci*o*f « V ^ ! ) • flio voAaotioa 
t» iHaiit tiovtli at a rotiAt of iatoiglotioa vitli 
WMiltio aai fttagaa «tt UtiMot &a V ^ «U Iko 
MitiyUoaUbMi of it^ o aawittio vat aivort«i^ 
affootii i r t i l* twwtaii %A HIO ^ O O of V tat m t 
fMo>i»«i t r laitaoitm §mmt #f t aatf l» 
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in* toll «pl» ••$ muA tmF^w yi«« in 9I y«tiiilti 
in 4««f«i»« 111 ^ft»t frtvlli b«lli IB int««l«ttt 
AH! miliiovKlstii tlMiitt i^#i«Nil r«i««li«« %•!»§ 
at 1^ V^»9m 
Mtgtkmt rm^ f«9<ltteUon of tli« a«M%o4« HM obtflVToA 
at 9H 6^ 5. followti igr 1^ 9,8 Mt jiMst at ] ^ 10«8« 
i« «<I««S tr«ttie«»t wttit th* nlxtitF* of ia4i«u% • 
iiftvittia iwmr^f^A t^« mwnmom of •««Aliaira la 
foil infos tofi vith amatoio olottoi l^i!fii «I,oao 
on! botii wiHi a«Bote(So OIKS nm<i;im lavittin (tiLoao 
alfo iaprovoi tlio worf«io« of ootdiinii ia ooU 
iafootoA tfi^ fnapui oaS a«Mtodo • fjagns* fho 
ppowtli of plitfttt WIS oiipifiooatlr ia^rovot ia 
•JUIiooi^ t bairlttia oaH t^o aixtoro of tho two 
^m iaoottlotii ifiHi aiBoio^o oiii f^ i^ P* olmlto-* 
aooBMF* tiMt o oMbiaotioa of tfl4looi% oai 
Hoflitla ypovoi to %o wmr offoottvo ia iapfoviat 
Mio iMPfOMo of nollt»ti oal «po«tli of ylMito 
tmmm»^^ ^m mo %m wf^mmmm %m Hlooooo 
•ItVRtloa. 9110 «a«^too«loa of tio 
•HMtiio nao oivopooltr offootoi 00 0 vooult of 
iNi^lioliitt #f •iito«i% • • fMll 00 lAatwro of 
«t4ioftf% Old iMiflfliii* 
mmmm* «f ••mwm§ i t MI in* invi* ^9$ #r 
laf«tt«i M i l . Ofwni flttt Mil* ata ntt I m ^ v * 
til* mw^mmm *» ! tli* r«««l%i vtth mftmrA o i l * 
ealit iftr« yftriaA»i«« At r^gwrdt tli* imfoviatnt 
9f crovm in « u ift« «iy«« ^ # t of i a f M M 
mi iti« ^VM otl«»Mle«a v«r« «ff««Uv« in r«i«i» 
elAg th^ p»w^ itldii of atnitodi* luaA hl|^«s% »#» 
dootion t>«lzig dbs«pir4d in atte oftk» follows ^ 
msutt&TA ana ffounff ait mikm^ 
10. eHi dimsiiif ^o • • • f t ta «x^««fct of noMi oal 
imtUH oU««olc«tf tho iMiortoneo of iooSlfJifs 
tapYOToS la ooil inf«ot«d idtli mMuitoAo #• |lm<iio. 
ftio grovt^ of oooHtato oloo i«i^o¥«i ^m toot* 
ltn«* ««f« 4l9f «A %m «i%roo%t of t<io two o i l * 
oftlioo oai ffOMi in foU tnfootol ^%te ^o Iwo 
yoUtofowi olMltMMwiiSMr* ^ « anlHtUoollOM of 
mo i f i l i i o otofiiit Hio tool* of oooiUBgo Aipooi 
^ M M I OMtaOOiA Olf ikO too OtlitiOOiliO lUkO llttOO 
BQinr, lIMNMMO l i l m o OMMMiioo o f oooilfooo ttn^ 
mo gwwm cf ilMM»o voto ^ tetooHr »i»iivitMti 
to t io i i t t n m o K of «i«v«ott of om«otfcoo OHI 
Hot m t I l i M l M l of mo 4191 Uilkm^ faMMToioo 
Hotat o io iPM te i i intoMift «Mpoot i ^ m iftMrtiof, 
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w i t t o f i * 
Of ^ « %W» «%llS|*t M^« OB lll« •ff««% Af o i l * 
ral fi»s iiM« will* la pirtiaalftr pniiv*^ to b« «ir« 
•ffMttT* fop ii«iMito<l» eoaferel msA itttrovtnt «iMr-» 
I I . fli« A«v<l*iN»«nt of a«MitoA« into Mtto?« f«HiI«t 
M» fiiaLiart^ vltlt 7«ftme%l{»ii la t l t« la ^<i 9r«««M« 
of th« ftmi;iss» 
IS* Tlio aoviKiiit of laptao of ^ irffiXiflffrill "^M poor 
tovavAt footo iafoetoA irltli j|» ifldLllitt ^ « footo 
All^ odt la Qoltaro f l l trato of ^ MOMIM ^ ^ ^ 
afMP 41s«« ooatotflia« «te# t i^acat* 
I.9* llli|li«f ooaeoBtratloat of ooltoro fUtrato of 
J» M l l l L i ^ • 4A«%«vloaa of foot oa tlio oiiot* 
fOAoo •€ oooHiata m§ wAl a« iffowto of oMBilaato* 
Af a to«al% #f dtlatiiv too i i l toro ftltoato <9/§ 
mwmm%wm%Um ) too fPovto of f&oiito mm ia a«Mi« 
toio tafot%«l ooU taptoy* ao oia»iyol vlto tooao 
iaamaalol l i to a«wi%eio la i » a tooatol ^m «S« 
ooKooatoa t^ott mt too etatw^a flltoaio* 
Mm eitittora ^ t o ( ^ # t t ' l » n i M l « M to«lf to livfao 
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^,^ f ,^  n ^n^,^J,6 
163 
MfmXM 
•aft VO#%.t«»t mmmttMAm. M. l i i e f t ^ n m B f c M Mft « i ^ i % 
tJ&iiHaii te «liaAn« Mi^ ««0iVA9^i««l «oaftiiM<mi* MUkm 
HtKHk* Sam* asA tg^ti^^y sss&ut J*Jkl* IiKl«>iMit* 
Bi»l» JBbulii ^i'^wrii mti i i i i7iiiv«rtitr» tttt«t%» 
jy^JI^ lt« ll» «aa iTfAlf, A. % ivn4)t Caatn»l of 9l^lMi«Mi«»l«i 
i|llll •tl«9«li« MHRitoflnt* l a sninaQ^ ft4l4« l l i i i i J» 
i f f iol i of eta^-o n i t ra tw i of tono iPliliM9k«»o %i t i p i J i 
i^o Mr«al i«r niit l^rvgl li&%#i of eortoia H« i» f t v i m V 
«ioati>ol. of fdlaat iNiroeltio ai«a«oa«o oe a v o t i i i 
a9Pll«oHoa of mpfaalo ooioSncata to llio to l l * t i l «^  
If flkaatlt oaA OMiaMkOi^ ft la twst re^ot*. T l j l m f- ' 
p F i ^-SU 
ASiklKmi^ K, «• ( % ^ ) i 1^ 3dl9 off col of mo QOltwo f l l t i M t e ^ t 
TtllUHlffiUllll ttiMI <^ • • ^ tMPslaaUoa aiiA gwinHi <if ^ 
m«o% of m^^^m fOffcliliav oa «bo laatilaao o# lilWHWiHi |to% of aorgtaia, SuuSKm IWtiJi l iKXt JB * i ^ M , 
4 ^ 3 , ll«, SASiA, T« am! ? w ^ t* ( l ^S ) t "^rloloi^o •««»• 
1|olitoa of lhl,f»atoiii^ JBlJial* ^ f t i r t i J&d t ^ ' » 
^m^^Di, a, f, (yi9t)t ''!o»o <9i««os#o of oottoa* j i g . l^yycinlk i^ 
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lail* Mik» ^n* SM« W0k*9 M* HiX ^ 6i««^* 
tlv« aoispfiettioB of ii«aatod« iMnnaatloiii In fch* plnt-
•iUALA, ii, iin^U Vmt^nmml*^ of lsh« Ptnlfbrifs fi«wi«o<I« on 
various honU* Im igyta. !Ml . ^ ilLsa*t ii§ * 734l^» 
« Ata.iL A» art! 1\*!T1'^\ 'J. % (1164)1 lost panisa dtstsrlbuttoa anS 
blbXiography of ttia ff«adlfbp« n«««to««. mMLO^SMlM 
Et^fofBll witH |i»«3ial pafw'^ ne© to >i«Pto ^ e o . 
;^ .Ail w, ^, (1^8) I ^©»|wn»o of fwjKjiXant »«««!lln«f» to root-fcaot 
tt».t^a, rMol^ Qarini i|^ <?ft.fA|ft a3.o?i# ^^^nen^imtlnn 
M. 'y^ , KHilH, 1% •-% and nm'T^fk % 5, ClT3r9)t '^ ff<«>6t of 
esnlttt*'al filtr&tm of a t ta in ti%n*^ on boteh ast** mrtallty 
of ln?va© of foot-lmot niwinto^ ®, .*o.^ 2ai» XaHflftt 
1A1\T^A, T. 0. C15I^ X}t " f^fact of p*^ , oay'*iti af*a t«9i3^ati]?a on 
tfta aotlvlty and tiirvlval of llri^?>smiFll€li »»^ » 
!f«>atQiogla^ ^ ( 3 ) i f id**?!!, 
'^ iyOM, T. (1380)1 CoBparr^ tiva ©ffaetf of «xt?a amonloal f«rtut« 
aatton on gvowtH of n«ttat$5s«d atiS nnaitenaMttisaft tOMttoaa 
fo? liaitin'! a»mnw ^ 3ftMjQSMM f^ffttlDftrsiii* ZMlM 
4ia>BA, T* and Sl.'^ AHr, Y* A* R, (1978) t Coii9aratlv# afftoaisr of 
diffarant lavtla of illtfo«<in and ^^aptioma aiipplasantad 
n&lii •ygaala asaiiiMBta on tosato mi«lli and aaaoolatad 
mtiliiMflliiilim fni^ ^^ Mf^ *- luiiis J* teiilBL«f Siii^iis* 
A^SBH, %» aiaA MAlTimoii c. A, (i^o>i T^ldvBloloijr of diaaataa 
* bgr Tht WtlllMili JiliBl« 9!i» 1 7 ^ 1 ^ ini T^«>atftaia 
lAi^ir^ X* It and WfsiWI, 0» (l»6^>i isff#»«t of nttrofan and 
^ftq^T* *iniill11i •" ^ « da*/iiL09««ilt of Hflfgndara 
!|Af»lA% % IV aad UfM^^ RL 1ft AK (1M0>« ^^atlon of oalettMi 
^ iM»«nl aad wtura «r ma »aaHtt aiibataMaa in baaii 
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hrpooetni of <liff«f«Rt ftfM to «a«9i»ttlitlttr to «ii 
i*»l«t« of ^i»«%yati MOIBL* fflflgm^lttCff M • 
3.^ CKHA^ 9 0. !!• (I98«)t PrndttOtioa of 9«etllUllO| ««llttlftSM 
•ad gpo'4tli«9roaotlafi oubttaaewi bf CagAtoattMiiAia t i la l . 
ii?iCK»'Alf, C. H. (1^88)t <1ro.#^ iHtolbltton ai « ii«ohanlMi In 
•B1S-H0D!IC(1T1S%, D» ftod ATM»A| il. (19W)t Illt«Pft«tl'%n of 
3Hn0!^^lt, 0. B, (1^3)1 lafiii«iin« of P£, 
ftioao and ia eoi^ia tlon -Ath Iffi 
iffovtb of 9#f|>«p«lat. ^t^f t f lml0lX» 
la piaat ^isiaata Qo i^AiKai «» A ?avlair« BsioJU JlXIdLSJfitiLsUEf 
rm\r^/,n^n^ A., r-^ir^i, % «» «wi tt^nt, n* (ii7ft>t c-^ ntwji of 
ifoot-knot nm$i^9 on ofera fejr thii aijollcatl^n of ii«t«p 
iolubla fpaatinns of oil^oalma to 9oll« J l l i MJ^ 
BIBCTr^ ISli&i 
u5^,^.r.'r; 
'<r, (3.969) t ^oat*iMimftt« ?«lHtlnaa of i|iterl<nal|ttliia 
*^ XIICIfXiy>y W* (X967>t Boat fiXant t t^^i^ vltb T mi form 
»mm%o4%t iiB» ^MttKl» HSkk* l i t MP* ^A&yi H^^Eti 
i^ X!^ (m?{lliI»i % aM BTIXST^ X.. fU ii»m)% lt«l.atlon of aoy^ aaa 
BXIICilf[iaU>« if» aat mm^ l* l* (IMDi Oittrlbutioa of tHo 
y«Hf«w« awMtoio in rolatioa to otoii faliuro of oottoa 
lit Ii«fttl«liMi, jgyuil lit* UllftM j | I €fh^9 
niwmnwu^ % miA PAWH^ i* F» iwmu H^Mttoiaai and f^ai^-
«li i l «ffa«ta of •••• Mil «ppl>i«l aitroftn eo^ o^iini« 
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of ftoo%t to 1^ 1ant narAtltlo a«matoa«i. fimJfilMlM^ 
«i«ii«iM on th« troiftli of yffilfl^ gfflrat ItSBOJi* 
inP, A, '^. «aa HW^^mrn^L^ P, n {I<»61)t firowth of • !i«»»todo 
In totsafco plmnta ^rowa on »o<11«» • jf»flei#«ifc init«t> 
^^ I^'yoi:*;, *^ . !i» (Xti63)t ^iithoftnoeifcy of o«rt»ln imragltlo 
to post*feiifref«!if!« datiolnf-off ea,ii9«a by ^« iQ]j|tl ^°^ 
.ar,tM^Pr MSSW^IM Hoss«« i i i l * iM££*f 13 * ' ^ 
l.^ ODl'^ :, 1, i« «*»5 eoor»ii, 7, "^ t C1164)t ^•Ictlon of iMirailtlo 
nimtodlfit t^ i>ost«»«fiirii;«^et Aimptnsmoff of oottoiu 
?^ l8n<5« I t , "f<*«et of 3oU f»:tetoy on ft»«|a«»n^ on 
othw i»atho-*<m« In nlnnt <!1.«#»»*»•• £• 3l£ilUaI«t M « 
•Ky»«.513 
'^ T-M K^X, ?*, w. aa-^  tiO'?S, A. Wm U '^f^mt of ff on 
iwatoloflai^ 1^ t 403*40?, 
Btfn!^, If, c, (1971) t Soil fH •f^«ets on nawato^o popal&Hona 
a«ao<!lat«A ^ t h wofbmnM* 1, fatBftel.^ 2 i ?^-*»4i« 
*CAI!^ IB^  S, J, (19iS)i 'fiaiatoA«« ttnf Imt «i«li<^ • llaaaapeh 
wa&m msr piiat# «o ^•valoiMi^fit of ottiap and ohaaptf 
«Hllyol«, If iali l lAta Jytclf, ^ff. 2 (1) , 
CA1!?'~H| % W« (i978h iff««t Of aoU %««%»?• on lnt«iraQUon 
CARTin, W» % (l<M9)l TtttitMitfm of Ifttol^iaha^na zmU&OiM 
< ^ J i U i i a b i l l a i l i M ^ i l i ^^ ^ eiMuraoal rot of «ui«al«n9* 
CAH?mi| K^  Hr C^tDt m t i l i i i i I t r«tliit«At p«t««toa of 
t^'Hrittl l atiayiaiii ! • fll# tiKtfiVa »«Mlt»io, ItoterianalmHia 
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*cmtAMm^ D, (lll«3)i lf«MitiMl« fotnHatloa In aorn plots 
^i^^mm^ ©» CI^SSH m* jr«la|ieais^l9 of numbo t^ of 
•i«H>t>alii« to nltH^in sou «m<bnMiti* 
,, H I 11S.I38. 
•cviTTtLo, M. 8. , A:.SA% If. s . and ttf^rn^*^^ jr. A. (107S)I 
PftlHolociottl Fwftott'^ nt «n(t iriiA<l lost of want ^OMI to 
loiovn QonnI: Uaa of 3 , yf^tfofftf and M. |^|fttfiit^ 
^sari tm v l l t of to»®to. ^ytooathotogyy §^ t lOOS l^OlQ, 
(jn i^tfrn i^^ MiAW, ?*• '*• <l<l# )^f f^ei<1l<*« on th« Ttmltovm (lisatodo^ 
3» gonlfftM^f wlt»» si>««l«l pof«r«noo to^lt t oathofinootty 
itor, ^ oa eott , ILfiiMl. p i n a | t «»^ i^ *i;t« S J S i l m iS2£t3iai« 
MZIAi MSXSL* I*f ^ < ^ ' ' ^ 
C^A"^ *fs\ ^. A. <rif^)i Tho of foot of r<5ot*lo»loa atBito^oo oa 
mm frowWi of r«a olov^ an<S alfalfft aafltp i^ ponah'wiso 
•c?nw, ?. tli«8)i r^taatof on iBotabolle pvo^nfstn of UmiSgBBtl 
•a|aii4|g^"^aai ation of **• hTdrojgr "jh^nyl aootlo aeKl 
i^ l i i^h^s ioXofdaal a^^tlvttsr* 2^2X* ib2Sl« ilUB* IifiA»t 
•Cl?l?l^ ASTA, I . I . and ?li«?j«Jfi, « . CH. (1980) t Sffoeta of 
diff«p«iit l\e»raa of nttrofca f«rttlls«Pt aai onftaAe 
•aiijivoi oa iiii«gt»nii falaat ^ » | «»• f»wios« of 
hlmttk i « i of oalibaifo soattXlnfa* t l i ranio ratfLlotiarkli 
t9wm a i i lar i^ «doiir«all % ertaalohoatdldi dobafok aa 
aiyiaaf^iM^^ lft)Li&i XotiR - iRiiimditiiira*oh«raoi aoililcl* 
nuiaair k a p i i ^ l^le^loatya ^ ^ttoaatalog^^y Jj | (ft) t 
4lliMUNl« 
CflHiBIIUL 1t« I * (19f8) i fiifltt«ii«a o f ftoaaytyi affyiittifi iwii* 
rUtra to aa Walatiagyiif laaogalta* l a i l ^ |^ »«aatol>^ §,(%) I •fMli* 
•CimABSA, nr. K» aadi SWAWA, 1. I . (IMDt Coaibtaa^ affoot ©f 
•l*'^ 1»ii«aafciMiia ^ t o ^ i y t l a 9a pro* 
of okra aaa atupiaat* W^mam §^ 
i imiMlii •«* M M I i H i i I I I M L lttt«rao%ioa ^ S K . 
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of toil %rp*w OB th« lattTMtloa »f J^stssf Wlifl^'*?! 
Igljadi. «a^ Jmo%«lradt mmm^s^9. ^UAs^lMm^ i ^ « i i t A 
CTI, a, c, «»! ciflLD^^, % % (1364)1 ?iii«toPmUnn uaA 
iaf tQtlon Is l ftotto  in alfUf* «»S r«!l O1O7«P bf FflliattlayU 
C^' pomH-^ tloA ttt^U^t. Itas* £|J3JI* jSt&» 'JUk*% 2& * 41-tf8* 
e n 5)^ 1^1, A. K, Wia KA!P?AKA% 3, f, (1178) t fh«^lnfltl«ie# 
of plant a^o oa ttio •uoipHbllltr of 9Qfhmn (niwatnm 
BiZ* L« K«rril) to tiffyoatioylna tiipffftltiyi (?asti} Hold* 
155tti Minrlyiimiitf 38 a^? t i«<i>i83, 
r!y,':r?0!?, c. % and ^xin, B, ^\ il^myt «!oU tr-^ afesmt ^dth 
^lopoi>leyia, B-tl «n^ utasnii for eoatrol of root-teot 
COCnr.'H, ?• % (llWDi %''ilolo«y of "VmH. '^bU#i«l t jTotin 'Mar ani 'tena XOS* Htt Y'ffy^  aiifl f#o»|(iii, PtfyrlntoS 
by tbppan :¥iattn« Coepanf, I*t<f, 
fj->tr>T^  «;, (1*174) t "^Igtoloiy of tli» fm^inw i l to o^ JoJaellllSlBlSli 
ffWlt^nilffp^fM^lttgHit M. * 4SS^9i» 
no*?!?. % (197«)t 'Trtlular ofiantaa lw!tie«a la roota by tm 
•pAOl«i of tha gaaaa %trliftatBima, TiMUlinlflllltili Jtt * 
conif, "!• aaS mwmmAl. n, (li70)i tlia laauaiiao of aeaa 
anviroanoatal and aullttral aoajSition on vaidPiac imwaXm^ 
tioft of iTInHlni «uBft ffMiai^ w^fcft^  llMilnliilHi m « 
OOLLIHS. % s, md mmtmnii^^^iMk^ i , (1^0)i Ki&atioaiblii 
of f«rUlia«r traat»aafe« to a«aato4o fOpil.«H'^ a* 
C0U.I!I8. 1« ^,. HODfRdlS^ KlSAfAi B* aaS iriU»t 1. K. (Ill71)t 
FavtUifkUoAi ato» toltttloa aad awMttlo ooiKilatloB. 
liylifltfiiatloa aai IM»I «teifttioa l« iiifi^A#it«« 
^isntTov. K« i» Ct <l«8t)t mad* 1* Aifi«« tat. m t xao»i88» 
illMii by D. w miaai l^t I W M l i •'^^•^MTi MItti 
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CATIPS, ft. n, (iMO)t lafiYt«n9« 9f eiii«lmr| «««, ioU 
tiKtii»«, ana fill OB Bilillftfflli tiiaq|ntt| ftnA ^ft«|lgl»« 
^ i^f^ i^ l en Batttiui, ZlMl SlUMUb 9iC6)t 97X*9r3« 
•D.TEDB, It* n. «!i<I DELAI^ HA, A* n. (l^X)t m« asaoelatien of 
plant Mrasltio n«Batodl«a wttti th« ottfut (!«el!no In 
tht Phliippinnf. 3UJJ1» MX3S*$ M « as»«e. 
DAfXDB, n. r,, Aiid TmAHtAyTOfLLOrJ, A. C. (X967)t Inlttttnoo Of 
tho tnvlToniont on doriaopi^t ana tox d[iff«r«itUttoa 
of rool'loiot n<«iiatod««» I* If foot of inftoUan dontifcr 
ftfo of th« host 9lant miA noli t€ffi9'«rftttiro» If—atologlaa 
B' ^ TftKR, K. % ftns! P^ A^ AO, S, K, (1061) I ^^foot of «»tap 
9r>ltiblo oitraots of oii«o«lcfts on tho poieralfttlon of 
•««Sllnf ««• wid <l@volopi«««it on th« Infi^itioa of lottaoo 
«PTTTMA*firy A* L* (1963) t AttolOfttetio i^M«i«nll«if« ^vta^ill 
fflMitodon uBti Fiiiloraaliliaittn* ?«rfiiQti iin«r Klsttiflo* 
**f i l f f i l t ** iAflit«iOii ^ %r«ita«Bts «ff••ting &ff 
^rnm^ B« (]•«•) I intinr«l«itioaMil» of 9ot*«o-<iFtt otliioni 
•ni oiTtela fiuMl as tiio gyowtii of tomtoos, lajb* 
70 
90t«l<» root •Amtmt lillKlAMft XMl»|tlilBlli ^U« 
•^ wnifM^ jr, S. atlid WAX, *4 »• (l«l«y)t fffoot of f^^oyiy 
Q«yffyMfTM| dtt m^mmt of ?¥>teflan^a SAfiSiAI^^*'*^ 
mmtrn'mn^ .^^  fn^ n*!?, n and wmktWA^ "• (i97<i)i iiifiu«iioo 
of W 1* K ott tho yofOiottofi aytiaiaot of soforol a«Hito<!o 
f«i«ra on poloto • Influonolo 40L W "* K lobro lo inoiiioo oobl ooionol <1o f»Fiof ff«n«*ot <9o ii«ii«to4of 
on fopii. iMIlEttiilfifti Ed) I y^^m 
•Tr.OfTDXj A. T.J OTSt^ A, B, A» oaa ISHAD% A, % (1174)1 
fatofPfliotioiiitiipi of H* tXXISMMf !• o|f«af>» 
i^ Tj^ E^ y, C, (I046)t "cologjr of ^« oAwiinti ojrst. S&iSSJik 
WSSL* 23L < ^ ^ « 
*^ .V^LI<nr, !• A. (1968)1 l5>ot toiot n<NKiito<]o inftettvllr •»« 
fiott rofpoato la ri&atlon to toll tn^o* IMlft* JLJlHUCUl* 
i<iai*^ttl' iflll*t J3 > 1633»3iS41* 
"^ m^^ , B« Y. (1999)t ^••ooiiitf of root-loalon n^ wiato^ oo 
Fg*tei^ |iaatoy bya^imwig aM Z» JUtti to wu^oilf f^oati 
Ktm mux ^rpoi. mam%^lflfKr7m * 417«4«1, 
•mo, C. F.J BLTIl, % ft* ftaS <IOOD Jir, 3^# M» (198i)i tlio i^foot 
of mturdrottt onnoiiio on nioMtodot, IVuiint, boettrlo 
•Hi ttltsrtfloottoii in tono lor ido toU* Jb&ftft* SfldLL ML* 
'^AlAHAT, A* A, oaS KffilH, A, W« (l«li$)t CoiilNirotiiro tlloto* 
potHofiAOflo of otPtoln lofontiKMio ovont lttfo«t«a with 
Ultilliiliiilii r<tfflinrft i^f fHt J* Ittilftl«t 1(^)* 
Mm%» mm»99fm (ifri)t tetlaotol oroo lotoot d«o to Mont 
1^0 ttffMtiite i« tHo Oi^loi ttotot* HadU J* 
•^Mui i i al iteffT^ij^^iilft, 
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til* yOtfttett W09% 9AWf' 
9«<$lilM«« Alia Tffovlb prmMttat mitottAIIQ* hj d^mtoaarafctf 
•PILHO, »• S» Had DffnffJHAi 0» D* ( ld80)t *5llPVlv«l o f 
tc iUt , ^ i l M f l f i l i l U l l i ^ 1 t i U i l r l g | > n e t ) ! 196.M3. 
i^n i las* Himnfiwjif iMtiJtiyjfei '*'«7* 
ro»99n««« and solX QHa»*»«s y«f«ltin«» ff%» eontwiUofl 
u^ l«vti.t in ««|i«piii«iit« %ilth ol<ra!» •vpawwp tob&eoo. 
tlon on ^ • •^«W o? «5««^f 1>T | t l | b ^ « i |X«l|l.<»n_ 
ooTflOls xxs^m aiff«rf«t r«st«» of tUtrofon firtiliwfclon. 
la % VbPtrftf '^ tAfoaf W AtrtttiKLloB i>rolil«K«a 4or fliyto. 
Bomtoloflo OM la BooUtook* MAssitlcrliit dvaok d«r 
1br«r«f aiolofltotio OotaAtohaft Am Doatfotim 
I»iMlopo%l»«hoR Hi^mHlk Stktioa ^loMtHologlo aiiA 
i4ii}iA».nioii.iraiv*rgittai, »F!i, ih^m m* 
Oi^fnSf. 0. a. maA HAGikJr, H« a* <1»^)» Xanaoaot of ooU 
W^m§mmim ooaeioBtroUoa on iaf «o%loa W «^ iw^^* 
n a i i i m l i Cf^ooff) Nttllir* MX ItlJBii» JB » *W-«W 
^iwunuiS iHro BoviTtiaig la rnhmmxtomx. JlilMt, 1 t 
tmwm^ i ; iU otti TAW WWW, «, ©. (|jtft)t tnfia«H»o of 
aaa» 
oaM>iil» l*%mm fAW <rnit^ <, ». ( i t f i )» A t^ooaoo OM^OK 
of okra aad toaaio tafoivtat «lio a«M«oao ft ipt i i i ini l 
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wTi^nn^.^j 
latwwdlwUoiitlilp of y4fti#?m|f i i S l g J l ^ ^ ,^ 
ana p»t«%o»700% •tikmTm* ML* iSttlilQ^ i*« & • XJ!l»13t. 
fj^ r-s^ w ft, 0, (l^X)t Tho yiilattafiitiln of plant ata, mil 
tiBU«?ata''a, ani iKi^latt n awa^ity of Etl^ BBdLttl | g H I # I U ^ a ^ « i?wiif«i »f fttgarbaafe, I T l l i B m * , 
Oil-^T^, n. D« anS JFTWT, O. O-. ivn^)t nfmt of plant a^a on 
r#»l!ftMioa of ^faXfa to ^^ ilfft<^ gfflnif ImHA* !• iMO^aH*. 
j | t ^ • ? » 0 , '^  
n^?TA, D« % ana t/>D;5.^ , '=^ , «i. (li?§)t nto1l«f on «i« patHofa* 
naeltgr of r^sifown a^ato^a, 1g$rlp<MLliI tinlfOTlt to 
^ L%^*^ MSIft ^^« '*5.e«i*E« Ynflian T^. ifi«ata|.,y ftClit 
•HA^S, M, H» (X'i<S8)t (AfTotachnlqitat a»1 plant n«Ratodat)» 
iilgll^* sun* SMSSJk* 2filJi« X«£» 131^ Jitl* t t 9* 1» 
ott ^ a affael of (Ilffar«»nt lavtls of atrlaln aLiaaBta 
on tlia davAopA«it of root«toiot IX^  i^ ffaat of dlff«raat 
l«v«lt of petaaluB on ffovt^ anS finot^ iaiftt l^avalopnant 
o« alflrat attplaat and laaata* iJiUiB £• *MMItlt1 i il < 
HASAHy W^  (I9rr)i Bffaot of oil aakaa, aavtnat aw! etrtida 
aii«ila«l «o^ po«nf9a on Hia 4a?iiLoiNiaat of root«4m»t on 
atOi>«it anS toMta* !!#£• Ulititt Ali<«rti fi^alla 
wMiTaritayi Aiifavnt 
RiUIAIy »» aal SAXniA, 8, K* (]^4)t Sffaat of ttia w^aala of 
•all. asittdat I^fet oll«»a«ltat on Hatehlnc of n^^tAmmmm 
iilffPitit i^t^iA AMI 'Mia) OitltwooA CAliatep™ B S r 
t M E T S u i i Sil* Qt^ i^ ff" 2 i i l 111 <Mi >». ^ ^ 
WASnii Ay <ljMNI>t staiiat im tlia atMoifaa in tha roo%a #f 
atiitniit CiHiBiift TftillffflTft X>* > romiHAn fjpov infaoHon 
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^tSiit, mum h IflttlttL* ICiT • IWr^lir 
HHMJ:), a« M« (197i)i PftlliofMioel^ and tiistoyfttlidlogr of 
f« yrf|ifoy*-f lafoetliii oaatttiout* jt* lMl£<lI«t X * 
H -^y), C, M« (1978)1 ^ffoet of th% Tmlktntm nmA%&&% on 
•ofotftDio ri^tSt« Hs^ i l l * inJ£*f lyi» 90i»§(M« 
T'M.I>» C, M. iK»l TTHT'^ if, 0. K» ( l ^ ^ ) t ^fodt of oFfianle ana 
inopganlo nitfoi^gii on nfaatod* oo^niiatioa on tarf, 
1 'ALT1, c* M. ana *^r^^. !^ . % (19»l)s ^fftot of mm tmAf^vm 
n«rtoelt on »annowf«(pi# J, lfjsalal»t 12^^^* **^ (^!>ftr»)t 
nHDnicK, »f. t., an*! '^ mJtffiiiDS, C, J. (ifl?®)t Hifarstlnn of so^tioan 
anel 
•ir^ant^ TA, J. ^. A, (X94a)t .Tiflu«ne« 0*" nmm^cAmt on ttio 3^ 1 <A« 
«n<! fsoafosltion of sn«ia?ti09tt« MaaafloA IsssX* 
^ 0 ^ * ^ ! . , ^. (J» (19415)1 '•^ftoiaaa anA thaiy aisfeton.^!^ll«ha« 
"^T tua iaossaiUft lEtlisiii ifitkiuact JUJIuai mak*% ll»l*i* 
^O '^^ ALt., J, «1. (19a6)t ?»?in«lnl»a of funtlcil^al aetion, 
Pil>'4ltli«4 ^ th« Ohtuni^ i^  BotaMi|fft i^MttKt ^l i^i l l i 
HO^ RLl.t e« S, | Bl||,» A, A, and STII»Alff>nC, 1« D. (I9?«)l 
lffaa% of a c * ) ^ on flAfonoia oon%in% antf ro«i«%anot 
of ootlMi Itavaa %• TarHalUiuB v l l l . ||BlloL« ytM t^ 
•firotCTftssoii* ii» T., !i8ai, jr, P». sniw, a. T». 8&VAI®. A, A. 
1 ^ SOm^ni^ !»• H. < lk l ) i ll«ii% y m a i u l iiMftMoa of 
mnm^ B» o, a»i HAioa»f9% jr« i.» iwf§h tmm%im^ng tut 
r»ia TT Ti i r i i l i i l im flMififlil ta « aaaiina of pUmn fi» • j^"^-f*Y"f 
XllAOAXtA 1 
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*T^ 7tWf, % A. <l96S)t filt«ff««tloB of MilftlilUK&t l l i l l i *^ 
If at «li« ttH« of iiio«ttl«tld«« 2* lMiJ^«t 
«7AMl«lf D« !•• C1968>t 7h« illt«F»til«tioiltfllpt of tb<i 0«tMl 
funiiat of i^povn root rot of toa«ttoM a»S potato root 
JKIKI'JS, W» 5U aad cmii^si, n. W. <l'55?)t tho of foot of root-
on maarlus wtlt of toaato* |3 ja l Itli* IUAli&*,&l * 
4 8 ^ * 4 8 0 • 
JO T^iOf, j». ?# (1071) I lnfln«no« of oat atrav and ffilnoral 
f«ptllliii^t 9oU anenfeiintt on aor^itf of toi^to r«>ot* 
jniTHoif, L» F. aiKS sH^iti^, w, % iimny% nttmt of aou 
aMfoSismti oa hatt^inii of |' " " * " ««.»«t..on .t*. ,.of ,|Jgaaan. i imom «... 
*Tniiss, F, % W, (l!iS9)t liSQlefteal. r«S.atioiitfii9t of amatoAoi* 
^Bt f y m | Fa^alogr. Probltaa msA Profroti ]>908»11S8* 
' ' '^ JU iS* H^^auUJNi* SSSV^IHL* ^naptar 3S» 
•jniRs, F, <i. n;, hkmm. o» ^ ana FAI^ IOTT, ©. t». ivm%)t %• 
iRflm«iia« of aotx atraeturo ami ?!«oistfiro on aaaato^o 
•Faoimr ?6li|lBjiM| lAflydflsiiit msSsaAax^nA 
*J^!ii8, J^  i«y imt«OK| &• l», ana Fiti^ir. i . &• (iii«»}i Sffaat 
• f tlio wmk9vm aiwitodo on yi«Ld, plaat ateraatart and 
flbta wn^arti'»a of nplaoS ootton* iixift* i*.iJL« 
#»P*pOOt 
ICA9I»B, F« F« aai MAXt H, F, ClM8)t Xnflviaoa of aoU aolatiiro 
Ml IMtolJMiitt aiHiaMi* MmtMsu&m^ M • ^ u i t t . 
"lAiUMinyL f« «Bi ilS»iU% l» immy% stodlaa oa «ii« ao^ p&«i 
i laoif0 iwwii kr ftotipiHiot aaiiatodo ani fteaatlw v l l t 
fliifif In toaalt tiittliifa* !• OaiVilopiMt of i d t 
t i t i N r m a fa «taaa«o laaltanaa %m lawito 
IWfldiiiMii 
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«KAVAM0IIA, f. WKt HXHAm), I , CllM8)t ^m^it* on Hi* «|^^#X 
!i^ i^ >^ Cfciba iEtfJlH JA * tS»ti« 
tBfMtion of liKiitlitff ootlos fsfpt^mtfl hf tm itolftt* 
•tis««ptiMl.i# «f^ tit;dftoft!lo« of rmHt&rm ii«Mi%o(l% 
mp^lmahvl'mm rUtli^IWliit in l^tai^tsi nilt of oolDoil* 
if?A!fg A* H* Cl<lftl)t ?ltti<1i«t on l i ^ atniftgoRiiil prftottoM oa 
SopaXfttion of nmmtodm* ||t*B» ^—J^t ^^f^^ Ifntlia 
E!!A1I, .!« n^ CI^t)i ntxAt«i9 on plftat pAFftsltie a«iitto(3oi 
•••ooifttoft iiitti 'r^oti^l«t mmp Is I7%tair !¥aa«i{i* 
ym^i jfffhH|^ |^l ^i»y|y .1^ *480 3i^|jii» £jQ||* of,,, 
ItHai;, Alifam MQIUB l«»v«rflt^, AIi«;afli, IiHiir 
KH I^, A» il« Cli^Ds C t^^ taia Motlo fftoto^e laflaiaolaf 
9«thot«ii^ ia aiRAtodot* laftSAB f&ClfiiftSll#f m* 
3.43»Xi8* 
K!UW- A. If*, AmAKz. A*, ntt)m<m% % A» tmn SAXI^A, S . x,(a066)t 
Sffoot of dlffortat o l l*mos on iMtoliiaf of Iftrva* «ail 
oa ^ 0 <lovilo^«n% of Foo%*lcBot watoS by nAgLMmmm 
" *' CieufsKi ma mi%9) oHitMMid (AiistnT. 
„ Mi^^R* 
I^Nil^iMi 99IMMS yip* 
KfYAff, A* N.* AI.AM* M, H* M^ J^flfl^ . % ClW4o)i Ktoohanlta of 
•ottim #f 9l«a% aaratlHt a«Mi»io« at a roMl% of Hio 
•fil.t«atloa of oti*oak«o to i •fi&t tl  f tl<»aak  t  ^ « •o i l . lafiiai I * T f i l l i l 
Kfii^m A« 
Bfflaafr at a«aa%l«l4oo oai oU*«alroo fwp «^ o ooalva 
• f yirlapaiafiHo a«Mitaaot ta mupiirioo of 9«p«mlai 
X!fA]f, A« 1^ ant f^ pnrA* 9« l^ (l«NI)i mo tafla«oo of M M 
Klaai vaiMiaa oa^aat fifai^tta atatfeaAai C^ttv*)* 
176 
i s «r«»t»fri«ii9* Aumimt off of " Iff 8iaaifli| i9Si  o o amiBi 
P« A* oai mAl. A* if« (X9«»)t Bioottos of oortoli 
ooeiiiKlool.lr iavorttat i^oalo of JbJBEyBfltallttl 
Of eortoia oil.«oftliM oaontfafiito on ii«BatoAof onS fdtigl 
in tomto ni&a«. i a ^ ifiiaBisHi M l M t A < m*B%^ 
mk% n^ ^ 1 KHAt, A, H, «|fS 8/.iWfA» f5, K. (a,§74o)l l«tiltltpll«ro 
fBAct on^ is«fifeo<fo« of ofiploato «« iiif!u«ie«! Iijr oi l 
•sHSf^ A. M., i^ oRLA, 0, s. Olid m*mmt^ u. M» (i.<¥n)t jofiiatioajjife&noiip of t i l p f l i » m i i i ^ t 4«eai , 
infoottnir B«rftloxi aottoiiy <1^ «ofoliMi owyfl^fiiff in 
F^atiofi to toil trp%* y^^ MO|ft,f.| fttf gfl.ii«<BiieFM^ 
Iitn.ti«ne« of ioao «!iviroiirsiiii6«l. faetoFo oa !»«fcri€iia>itta 
KI^I!«irsi, ^, ai*! ^CtrUS, C, B, (1^8i>i Inflttoneii of foil 
1* ffflif^ff ia oifttlfa and tlao^isr* 1^ MamSS^** ^ * 
*KZ]R3AX0| t . ^, ons nm$mf I , J^ r« {xiiB4)i laeidwioo of 
lolMMio Haolc ^laax aipootlr F«slat«d noil pH« fla^^ 
fill* SSl£«^ J l * 18t|883« 
HWgAPli 1ft ll»^  NABfXW, f« Q,. Qi^ fHOV J^.. V«, BB13.Am 1» L* 
aai wmwmJf^ % U <ltVd}i KfulUplo yofrotoioa of tolMieoo 
Haik flMuil% yool»l»o% mafit ooarto yoot»iaA«x oa toil 
lUi palaaalia^ otioitiB aai aftpmiaa. BetkMSkQMML* 
mmutm^m^ i* B^^  MAX, % w^^ nmrnu i , a. •»! PAMCSR. 
K* e« (lti8a}i Matioa of a«Mi«e4o fo^aaUoat of oatriUoa of 
•oar oliapplaa* JQHdIttitliliflef Jt • M9» 
I* % i%»mH i W i a d a a lwm.B at Briitllaitfill »*i»«^ii« 
«aA I t l i t f U M i i i M I ta ydLaUUa la fiSlaStS 
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r«r%Ulsi%ion of Moii«Mir«Eiir mmr «ti«iTl«t m MmtaiH 
i« 3« (lfi4>i iff«9% or 9ti«i9»of«t m 9e%*«ilt»i nilriUoR 
of mmf oii«rFiot on felio M U pomtlatlom loviEL of flvo 
•iLiffOL m, #^ (isi89>t i^slofioiii w» ooll^bolm nws Rowitodm 
<T,inQI«^ i j ; Cl^Dt Miloliiuifi • v^saotio nit J21|I3JBI^QUI 
mktm tnruetailehUi?imf <l«p nlFSan^ c!©i Tfl^oaSlo^rsot 
*l?015'jailSKA, J, a»i D'^ fJTIA'Tf, K, <l<y?7)« Th« tTfrnt O? altfOff«l 
f«?tlll3«Pi on tho soil Ofeetodo fsuna iti potato fi^€« 
•K0%0^ *1KA, !• and CCWIAWT, K. (5577)1 Tho offset of builo 
Bifi«r«l forttlttcfo on n^ inftto^ o omMHcmiUot of amiflowir 
oaitivaU<)n, M J J H Iffflttgltil. 2Mlm$ J > ^ ^ ^ 
•KSJI?^ K. •»(! m L'^ ^W, ^ i»* CX'»«3)s t»»nffi>ow potlopkalle Alt 
*KimA% s« «Qi siTAXim^Hf c» % (1^1)1 Mtiiooo oc«pl«i iavoi* 
•lag Hafcylaaahiiliia »*«tft>iwit« mS Bhi aooteaia joljAi la 
^*^* TiiftiSifHiTfi Tpi«^ i r i r ' i4 i rM»« 
I^SntTEffy ?. ^ OlMl lOmFSH. A* <I9V4)| If foot of «HMftl f iTti l l -
•iitoa ¥l%^ ooloina aaaoatiHi aitmto oiii mmmvim %m 
ofOf folstloB OB «lio n« l4 oiwi a«Mto4o lafotfUoR of tkm 
•^^* iiilrlitolirtiHitiililm ftgiitymtinit ff^flrtiff^^^lfh 
LSSSDi^ y f« »«, IRtAimoS, «^ 0,1 BAUHItV J^«. C« H, <Xi?»)t 
X»fl««MO Of r«%o oaA ooHVoo of pkitootlua oa o ^ o t a 
<ri% a«ia«o4oo r«»ro4aoUoB «a loylsotft toiCtiait. 
JSUttl fiUi JtelK»» i i « iii*Mt» 
i» H* Hill ooaoii *"r fiiifiiM iftiiaiirn fi»» i|^« 
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tmAm^mtit^m tilth »flS5ftl| |i»if H|Bg|ffifl«*i| OT 
fh% •ff«el of yiH mm iirlii«f«li on th« liat^iiif miA 
o f Cf ' * - - ^^  - - - . * - » ^L^dfimMM immMM* ^r^n%}ml^wr% SSL(^u 
M^^00D| X, (l'980)t StiKSiot on o«rt«ia fttp^ott of patliogiaooitap 
of rinifbrfB n«nftto^% 1|itir|ig^oti!aliif wmAtafmkman toaato 
aa^ OiililaBt* ^B»» S S i i ^iiarli *tiilSii tJalVirvl^t 
*t«AX| 14 F» tad SAHUBlIf, M, B, (I^S9)t TIlO ioi<Sia ailift^wlo, 
HJIHX| A« <39S3>t stiMli«i oa iat«paetloa of root»lcaot aiMilodoi 
?filtit1ftfnratJnffiftprt ^ ^ ^ f^^ ptm^ o y w i M f.ni* 
If AUKS, e . F. SMd iATHf. 1* K« ( l l«4) t tlio off tot o f fNltfttttm 
oa Mio roto of aovAopitiiift of root^kaot a«a«lo4IOi 
* * ' - " — <iij^^t|||^ M« JisiBlii «ad B* lUUilA* j n - ^ '•-^•ff* 
•wAiwii, #j !^ aai TAW mmsfi. % ©* <vm9)$ Diffoponoo of ootl 
^ ImSL ott %lio «i^ w%6 of siroot oroato •ooAltatt msA tlio 
• • i l t l l r of tHo itiviio a«M%o«o, aoft fiot.^ , j | i ifli.198. 
NA!lflffi HI J; (I0tok Hio 9mAi^wm aoHfttodo aor ^o toPioao 
pm% of llio ovfol yototo* JEUalU lUtJk JUIIKM l i l <]«• 
^oi^Bi, jr^ t »^^t <}* A. w t soiwri &• (i»t9)t ino «ff«o% of 
H«,«BWI% > s > wii >oiiM|^g| % i%3my% iteo taflaoaoo of 
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^ U u i ^ m t f of Aallinmiimiii liibui* %rliiattiftlftCf 
^MU*"^ H« ll» (S.'^ SS)! l!i%«raetlon of a«Mito<l«t ond e^«p plant 
|i«tho7«s*« ^ | | . < f^ff ^sl* S^l&* Hlb l&E9ifi»f MH * "llid-^tS* 
MILI.'^i !.# I . <l0fa)t T»io lfifim««o of 90%% toxtoro on tlio 
l^^^lSl ff.li&iiiQiJilsli Ifinffliffiii^iltti* Bot^ zssjt^ ttlfltiCf 
l^IM.^, ?• M. (I'^TiDt Hffoet of S080 altfo^onoito aattrloli 
oniS votlisf* ftfonto oa «iFTi^«l. of lotion i^ lu t «a^ 
Sffoet of oclinlotle toil oaMVlnoeitt oisS t^ttiltMmtt 
WIU.1% f»» M, ona '^Hmuw, % iimB)% Inimiioa of rooti W 
I t l fp iJO l lifrtlBil/****"**** ^ eoUnlofie 9mm0mmt9 or 
f i rU l l io r t In foU. ^tMftHialiftilf M « ®90» 
H^QSi s^  Q* oni mtmm lU «• Cl078)t looUkaot ntnotodot vnA 
«ho |»ooott of Offolnt In fitonto* J . ffiWIlTnl , Jfi < 
noitARWJ^ s» Mii l i m w i i ^ B, ?* (iiry8)t 3110 offoot of 
mmmsm9mmm%im9 f iv^l tsiro oa t?rlllllWMOlilM J i 
mmkw^ % % oaii WACLUOL % A, Ci96a)t taflnoioo of lo l l oa 
an laliNMhitit atvnlanoa of frllrltflllil tMi l f i l i t 
MflUTAtiL 1L 1 , ( y s ) i i^fMifiiNilo^iNr foU avaioioft^ 2a • 
L t* iaiiMi mm % % mmm ( i ioK J M i t t L M i M I * 
l l ^ y f t a s i »««iof«Mt l«»li«il«r» M f L M I W wSiH 
»^»trAtit ic. •» Mtf tmw^swt % «, liNPih fno aototlaitmi of 
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?40m.zimA?tAV, H. ana sxTAKmiAi, c« y. (3^78) t Stt tetpt i t iui tr 
of ««pt«im XnSiwi f«r i«H«t of oottoa moA vlld •9««l«f 
of go««rola» to %%9 r«iilfora awato^o 1* ri i l fHHHii-
^ ^ @ i % f« <l97»)t latovaotioa of yiaKi aai an^HLUoaii 
•tatas of toaatoea idt^ pyiit*tfaaiii>« fiMfitil&t* 
» iMi lS iof M * 308»S0(I CAHatr*}* 
WA i^^ A'^ AIf* t« »^ an* fllfASIMAHf G, f , <l*>7S)i ffost pavaaita 
9«Iatlon#ti|> ami iafL%i«nca of to i l typ9 en ttio i«doa 
nimHi%9<Sa| ffii^tfflan^uf <l<i|ttejf| t»as«.^ X'^ S@ on aalsa* 
on tha !i«natod«t of vacetat^la in niheiT » Xt.CoiB^iRti 
ffao% of HlAffillilBrai iBflffiiftli ^ QHtpiHi „ tMMp 
ar*. aagaaltiaiai oa a^iitmtiea of affplant* lnSiM affaot far I. 
HAtH, !t* P.I S¥A1ICri». G« am lU f^AiJbt), % T« 3. % <].i69)t 
stadioa OB taa rtalfOffs avMMO} ^tyifwahsiiitf 
^miKptfa UafRVi aa<l OliTOtra 1949^ liiflian Fhylcooatii^  
!IEAXi| &• C* C29ii)i Ilia r«iiif^ni aiwito^a tasui i t s rtl^ation* 
•tety %a 1^0 InaltfaMao of fatairiaa a i l t of ootloa a | 
IN t^oa iaai% X«iii^ ala»a« mm^am^mm^imrnm^ ^ i 4«r*4iO* 
mmm^ % timtju % mm mmm&t. i^ iwm}9 xa%«raaiio» 
M M i M t i i l i i i l "tt^i nx« ma •BaM»lRlU«3r of 
t f | m» a t f ^ of ««i^ a ii»ala»a#fti?W3f I r 
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*10^ 1T0I, »• 0* <19e0)t ^fftot of oofiblnatlofif of pathotml^ 
ornttiiitMi ftt aifforont tispirfttiKro on tht eottoa tooA* 
iiQi* i&tocuio* Jtiati£dU Isii&» lift* iSUft* Bik*i ^^« 
fIDHfOS, £>• S* (JLi78}t BooXofgr of plAiit iMiPMiUe iiMiato<!ot* 
•!fj^ :^  i ; OBiif| w. 8» «sKi mMMm^ «• 3, (ii64»)i itoiation of 
tt toxie sisbstaa^o frost th® oiilttiro flitrato of 
•^o l^l'faVA, S# Kt (1^0) t Bffoet of iiier«Mii«a Aosm of 
!ill?o?^«zi, l^tpf^Fas aisl potassi^i oa nm^crsof 
tmmtis ii«niito<!«i« tat *itipk oa ti«l.iiiattiolo)!gr ia 
*lBi!ca*» Taiaihtlcai USSR, pp. aOO»w (la ?a3ti«a)* 
*mfA^ T,, n, % OEKS nmr-m)^ i. i . (I<i76)t •m«__«ff«et of pl«at 
« ? • oi 
f• if. 
 a •«Viiiritf of ii«Mi ¥ l l t esattA lyr fn—ftm| et«r|iioyiMi 
, i l i i moo 8, r^tjgfti^ iffilftgit fS^MmJUm: 
, ?!• a« Kiwrrjt innnmi^m or «oii. on oa r«|»ro«nio«ioB or 
lAtlriftffH JtMSUQlli* (Aan. <3oaf«(7%h) mw^^ Xb«S«a. 
Wifonay 7«4 KftiPOhy X9ni Alit<^ a«%)« OotatimMl. Fii^il* 
••lioa« Mgaipion Saoioty fbr HMIi Ihpotoatiea (1977) 
•o»BArrow, «T» H, «iiii !iiwfr%i5S, f, % ( i^ iy t %ot imot a«Mito<l« 
uv! oottoa rlAit ia roiatioa to «i«Pt«la toil OVOBOPUM* 
*oceiTJt, "«, o  Clf77)t Taflttiiw»» of i o l l off oa r«ppo«!aoUoa of 
' ' " ' ' ' - ?.(T ' ^ ' 
, it)* 
^^Af jK ^ i*^ ^ o J A I jySQX
*0(IX(}A, Z. II. MA B*STA7, 1I» H* ( l ^ t ) i SoU ^p;mi9tmr%. 
%«4P0Palnr«, loativltr of a aiwito<So •no^ioo of §««• 
" ' ia Itio abt«ioo of 9i«at« 
..."^ '^  k'lf'li^ 
0(ii7?rpoyO!lA. A* 0. (lii77)t Xafla«Btto of olio of ataftto^o 
ywaatioBi ftfo of Itio lioit aaA toil tm^mm^wtm mk 
iavwiloai ooviloMioal aaA OOK ratio of M^mtAAmmm i 
llAiilii J> ftt d i i i JBnilMlkii I « »4JWr 
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oi,m&W^ f« ff* A, Mil s*«ifir, 1* 8* ( l i t t i ) i l«iii«H9» mf 
Jmm^tmmmrm iij^tap^y^^ii^ Sf l i^t t l t tdMk M * 3^««3JEI# 
«iifl(wat «f lfi9«ilw« on nttt of r«i»rf>iiso%lon of 
*m^TAf B, A, Cl^ '^ it) I **ola«fltip gatntitia of tiio ?iost la 
r«a,ftUoa %» lafoottoa of m "moMEmt nmmteA^ 
"ifEH^Mf m« A« CI0a$)t 0«VAOfe«il% Of «llO f«0fe»h»Ol !S«ll«tSOdO| 
Htliilimyit IfiflftlflUit * • «ff oot«d W pittiotiai f»lrl«-
l loa o# Wio fiaai. ^ ^ i i ^ % | V i y ^ | | i I f UX7«* 
QTiiFA, »• A* (lsiS8)i ii|«PO|fa oooFoo of lHo iioft natenuoa 
ia vAal^oa %o taf otmoa tar a ip«$o%«*liao% aaaila^lai 
*dfilf% »« A* (liVidlt fHo wmAtmm aiaatoio vffotel«i af 
Burtwaa aatioa t»aiao»taa» J» ISMilllil#^ A • "^^^ 
ffmWM^ 1« 4^  aai mm. t» A* iymxu i l talf l«Ma« af 
palaaalaa f«rUiiiaH9a ia aawilBftai taf«ilatta« ia 
1 V » H M wNPiiila iiaawat fafoar aaiaral aiialaa of 
a«M«o4ai» Um^ filA* J M l ^ t H • l^* i i t» 
frtnwk^ i« A«t «&<ifi«>it i»* 1^ a»i iftu0ft x» M* <3jii4)i 
HflMiaia aaHfi lr MM airlata Haal titfatMaa ia »iAatioa 
ia aifti^a aali pptiNailai. t f H f t i t t t i M • " ^ 
^Wf^l^^JtA ••< urgwmt.l l i «» ( l i t t i t ma a^a ^ 
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-"nTK-a, 9 . r,. a-m)t JiStStt;.fa ^ W ^ ^ ^ ^ * * ' "^ 
tWj,M79d 
•pAOWtCK. R. W, (Ili80}l la *«««liB«l Of n99 ©!§•»••••• 
PAIWRA SAHHf WUii©, C, K. IBS HIHSPf^ tf!| I*, S, <l^ iS>« 
BffMt Of mlluro fllterato of ^t«ia|ttai> io l l i^ om 
•••9 f«raiiaftUo!i| iooAltiiR irowth tm !«•• of Atitro* 
irtot^fron tho f»oti of "^ WBiirook. lafiiift %rl9Bittl>> 
at CD t 9%m* 
?Wf% n. f. m^ nm^»m^ !• '4; (19«li)i An •i»iysil« of tti* 
fpotfth rotnonto of younf t«mato olantt to tafnotion hy 
soU ooi^ itgT' 
?3Trf-'-^ in:?'^ ®, ». H. ai^ smm^ 1^ . n« % {X94*)i Boot o^nom 
PIT.V.I, 3, IT. J D^AI, M. 7, ona SHAH, 0. I!. (3d?4)l Antt-
hianinthio i>rop«f>tldt of tmnaalel^ eako (Co^«oliyiii» 
PI?0!IKH« H« S« (B63)t j^r^ iKioltuB on IntttfTilatioashlpt liotvoM*, 
n«Mto4of ond 6tH«r sfonto osttttng ^X^m% dlsMooo* nolo 
of fl«at»9or«sitio nmmto€m in tMtot^riol disooiot* 
PtTCHSfty i« 8« (li«8)t XatowAotionohifo of a«M':o<!of «nA 
ot^'i* fottiotinf of nlontt* ffaa^ yiiat^ . £BatSSS>% M < 1»X7» 
PfttlRIly It. S« ( l f i t ) t tatoroeltont of n«Mto4oi with othor 
vothofOMit ia t nvKkt w«Mtoloi^i ofitd*, W ^onttiiTf 
«• IVt A^ i^ViAoo iMoIr Bo» 40^ 1 I«lniitff3r Of Agfioaitoro 
fli^oltoo oai f09A^ HOT Wg$mw ^totionovr Offiooi 
MUfCflRl'MieiPOBfLWIf A« % (I9f0)i Sffoot of 
Miwteoft ooofitaio* i l i l i . S I» F t ) » i»*4l i* ^ ^ 
tiMlHNiHoB aal i#fiiiii|aiifct of ikt«tt#tttaAa jdjiBl ia 
MiP^Mll ••«4llipi iaiaotol ^ ^WllSSSmg'mf^^^ I -JhyJ^miftMiliiy^ H i « M M k 
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bjr to l l drftnitt miittcr «ii^ fordftV* I* Hfliil&L«9 
PO .*«?LL, !f» T, (2J63)i fhm rol« of plant !Nii*«tilie ntenatodM 
•'O'^M:,, H* T« Cl^-U)t Int«raetl»!s b«fcif«««i !i«iiuitod«ii mnA 
*^ 0*3?rAt «^ T» (I'WXtj)! Int«p«etton of ^Xnnt uapatttia 
nMiaf^«t i#it'i ofchsp cli»i*«« ensistn^ a^ <wit»t %l« fl* 
»• 11^ «13@ la B, «. %elc«nB«». f. ^. M«l ma ^. a, 
fnT^.L, % '^ ^ (n^(>)j Ittt^iml i^ n^r'^ ism cBrjm o^i^aalsai 
POliJSLI., !• "T, ana BATr-'H, C» K« <19®7)s tfh« iniflu«»nn« of 
iavoiyiBf Wfllglilg|yaa m<aftgalli» l^oislM gxrtBgin f* 
J l t jWSlTiiity. K 'j^rriHi'T^vj. 
M.t«at# oo«9i«x«t l a tolaooo lnfelvln« Mtf.^ ^d |^ 
PnmOf^ Xi s , x» aaS Pmmwsn^ a^ M, <lt80)t Oba«rmtioa oa 
tlio aMooiafcioB of HitoJ^nahtiliiM y«nift>wd.a vltli 
•orUoiUiua v l l t orool lSa . f&iiim j ! ySatal.T 1^(1)t 
9S«4MlU 
Sffott of Bl«vof«i umliofttloa aai froqiaoaor of irrlfo* 
ttoB OB til 0 f«o%»lm»| B«Mto<lot KAoiaoffiyao Infootioa 
la ltflifto«o» Mjm Jk iyi»f ML i^ ic fcW. 
FiiAiA0« 8. K,» iffimiu, s , ^ Mil ^mn^ A. C, (ify«)t iffoti of 
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•oil •]i«fK9»«Rtf on a«wit«i«t «tfoei«t«a nith ^mt 
ra rilAtioa to dwMf« froa root-rot of tttiftrbMt, 
PHOT, 1. c. Msi fm nomar, s. ». (i9«i)i arfoot of lou 
t«xti&T*o ftai tti« eltjr oosponoRt on ntgration of 
tldoatyn« inaagajta nooondi ttitiro |iiv«iill«f • 
uT^TS' 
HAO, ^ . H. S, »aa PnA^AU* S. X« (1969)t Sffiwt -^ f Wt^P 
i»etr«et of oi l eakm on !%9tylfnotMitta yfnIforBlt o  ! 9tyl«iol itta ijsL 
Llafbra /^  Ollr«lr% 1!I40, Iiyl.li^ J. Ei^ .^^  .;il t88«^l> 
nA% ?• % mA S\'A1TP^  0, Cliffs) t '^ ftotor affoetiaf tho 
9ro^iiotl0% poutiiatloa d«v<aorm«nt ait3 survlvil of 
spiral nanaMoy MI«Mfri#yifl 4lteg!f^ ffi»* MlJ& 
Bi3EI, !>• 1, aa«S i n i t T . *l. n, (llS3>t ?l.ant*iMiratlUo 
a^fati^iia as vseters of ^lant rlmsos* ^tldajalSlfllftOtt 
*nA*^ KI» r». jr» and UP"^, t,. (I'lS^)! ^ssatodo m len^ apo ^ roaaetlon. 
A^^ iAK, H« A» aaf5 WASS, A, A# (X'*l76)i Aa latraoallalar tabo 
assoeiatsd irltli fooSlaf bj * 
peaj-oot. IflttlaXftllSii 3 1 
 w  sdlaj?^ W l ^ f l l l l ^ i fftHtfonla OBOOW-
^mois, n. ?•, SLDiims, li« p. and WSB, H. ^. (1178) i 
astr^l^a^yif F^ f^>M»f|.| yarasiliiv of potato aoi i t s 
of fast OB yialds* m S t D^ ff. J3jaJat.» SI i iaO-SSW. 
WOSi^ t 1^» ^•i BtmHf 0, 3» ail4 SHABMA, S , !I. (1979)t 
Iftiiiiotloa of M<aAida«rii# inaogaita and iittiM>«toata 
BE¥!IQy»8. ^ », and HAimoii X (l« {l<)97)t Ihi Miatoiiia disaaso 
• f Qotloii in TTosaAoo or tfssoaeo of tba oottoB root* 
knot BiMtodo i s Mmnm, |Hy|ftHllHil.ttir>fL » iiS.a8l» 
RllOSfly A* 1* and IXK^i a* S» (1998) i Intoftdttftfetii» to fLmmmmrmh 
l i JBiiii Mftsiaiii Miiii iMiii QQ- faorriia. tSSST^ 
IlliailW^ ll» t» «»« SAMWit 1^ », (1974) t Hio of foot of soil 
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Iir»«i 9*r%t«l« • ! • • , ««i9iP«ter« ana aoltteir* on 
m*ra, u % Clj»«l)t B«a«>i»i ^ovAoiiiBirit la the airstfar 
of dttiiptiii off of t^ plao •««lliiii|i eiaas«<I by 
i»Q|ta«htaii«i^  and soil ftinfi on toMito* .«?Tin'v 
5«non of BcMaa^a^ 'm^mflOHii la r^atloa to daafint-off of rod ulao sotftlla^. 1, ISBElS* SttiiE^f 
^ t IS^*!^, 
•HOT, /.• K, (l97T)t lattiTttl&tlon^lps l>«tviHia 
•afl toll fan * 
RYD a, ! • t4 •» ! C^tTfffSITf, H. W. (I?I88)| H€l«tloathlp of 
3^^^^** MTlffBIWSii%Wt% Sm * ^*^* 
If foot #f Mltrofoii lnv^f mloao aas in oonblaottoa 
ulllfc ioaio igM^ol^o* oA t^ o pepalatloa of ooroal ertt 
iXMIi waft rl«^4 of wlioot* 
>oro«iitftf«i do orolo no oolo 
f" ""P'^'7"^ 
• fWllimmi tlMMiW C«^ i»i4 o imu) ctntnooa fto¥po 
mmmmfijmM^i^m• <A^»> a^ar«or «a« fiiioJi 
^ f S m m p I o f tiuii la t^ o toll uis of 
m ili# lamoMoo #f ootlon vllt oiuitoi by 
f» i M i t e t a * imiii Hi* 2ift« i • I f j ' - . • 
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fgromm 9f mm9%%l rot« root i«e«k, JIJUUC* i^il£« 
*aiy}B'?H, J", f, (1984) I f^«RUflo«%loa siid hott f«fft«li» rtflift* 
ttonthlD of o«r««iii f^ t^<-iaio% a«Mto4ot cif|ioidoiriio 
•P-5« l i&l* l l« ilSlft* ^ - lift* l a l l ' t 1»77» 
ftiyS KHA7I| A* H* (l<l7X)t Soil bloU «• iaflutfioffl br oppiio** 
tloB of t»l«tit p«ol4uo« Ci^ttP»)« 20lt2* I I * Ifil* 2]api« 
^trnrt,?, % n, oaa com i?. Cl<*7S)« Bittiotoniel^ oaa Doimlft-
tlofi lner«»so of |^rimi|ff^grai Mflat »• ^"^^y^*?^^^ 
tiy so»o onylroaiiwma faotey^ HjWJtffilOfflfftt ai«^i^<*» 
n«aa^ odfn« '43i» J* Soll* ^«toek ;| i l^wl!^* 
ncTITT. D» (i '^9H -^ omxlation patt«ms of tofflo stylet 
ooariiif n^ fi&todiot in a tiatlvo iotia pvairio* 
!• lMftlai*t 1 * ^04 (AtlttTt)* 
RSf^ TDi^ T^ J. w« (1996)* lofmlation stsi^l^f on stm «MikmTm9* 
Wmmtalotflm^ J^ t XS^304» 
•sUHHOHSf, JT, w, <i.^O)t 3v#i» hot fopoliii fon 4oor toits 
vtrooiftoleto opfroMt^tfralnSiPing M l oaltmrofo nottiiu 
MidMl* &Udll» iBttlM* i^* ilttl«f J l * 19iS«^.19« 
SfSSAOili A* 1* <l§64}i invoottfotioAt OH ttto Moloigr maA 
mm 11 f o ^ « 1 0 o f ChPtaaaiiiftid— waiaatAmx Tlftflcl» :UI8 (ffMOlodls I Cri^soaSmiloo!" I f J ^ f S g ^ ^ iai849* a»8t 
SHJHSna 
^ i ^ W f « i «aS yolootiiw on Ido r«l.ft%ioiieliio of 
1m9mUBB teunllft Iftiiili «»A wKr^ «oiw* ffertoomM»t^ ar. 
oai mmm% oo»«fo]. vooUkaot. JMXm 2 i i l « M«r«li,li»n« 
OK Hit tefinoioo #f 
fiiiniiftue kr Mi i l iH iMi rtftfiitiirtililfti tMt^it 
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laK^ISrfcStaS!^ cfefy^ ^ jtK£« fiBT, JU(I) i f^rr«i!7t. 
to th« «liMPiiMi '€lt of tioe^to n««Att2i€t« ilflC* MSO^ 
•""^^It'i, t,. IT, (l<l73.)f (%>lii of -lasapfl f«9rmtt«p In r«ga-
fatin*? t^« iT«ib««p of oaypot ii«F«atiodM), Tn:^ ''-fld' 
rintolOflQli^ikoi Ukboratoi^t (fliisroay ^iolofll '^atoloidi 
1 Bioiehipil ^^*ii!liitoiQv %lvot!^ rl!?4l *5»ft«iiitl% 22 t 
"^nimiiA. L» v» (ig7S)i :?&« a^feet of sinflrax f«rtlll3^« on 
iissj^ JSfl?) ^llpjiffv nns* !^rmlattoii in ChiMpmi«« fm&f C*ai«!2iatoloH«ea«»tol t»abopatorti (Tt»l«ftofaisla uo 
:iistaeiatilea«| '^inwnmam t sisklam i btok!iieli n^* 
r ^^ icr^ ,^ V, *^ and ; Am\ n» ixrfoyt Iat;«rPilatloa»*ilp of the 
root.icaot a«i^toda aad /^jaifQBtit JC4|iI3L on fBjPgaaoa 
of toBSLto taaiitafs* IMJjQ 3i£SUttlll«t M * ^^* 
eFiU'^ A, % I, ana B'lA'tf?^ ^ »^, Cia^ i^)! *i%»i«i«« oa voofc*iQ»t of 
T«i«labX«a« ?!• wfaet of lai^aawtty xilfait f l lttato oa 
NtfiUliinnrBit iBoirffUlli Tiniltin r imnlnl n 1 * s^ai, 
*sxii9i| M* (ijiiS)i L*«%ad« da tapport aa^a la #f Aa eol aft laf 
a—ta^aa, i^ibl, laat. hdim mAJAw^ i j^^v. , Jffi ($)i 
s i i n . 4 I \ ^ A* <]j9TS)f *l.aat iMiF««iHe a«Mito^M aapar«9a«A 
!^ uraa ffptlllaittoa la a fbi*aaft niiPt«rr« j a i i l I2li* 
SI^ <ifM^  l* S, (^9ia)i Ooattai af roa««lraa% of laaale «II6 avfaaia 
aatl MaiAiMia, J»j»il« l l j i l .^ Iftl* M l « t 13 * ^^^* 
mmm^ n^ % man mfimrnxxOL t, (lii6)i iMfi«<iie« of fooi* 
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Birnm. % s , and mfAnxmtm. K* (IMT)) iff««t of <l«eoBpotlat 
firtiR I «••••• 3mvilu«l aiii uvtft on tti« iii«i4«|k9« of 
root»lrao% of okp* anl loMto, IMiUS IHEIBSSAI^M M i 
*JX1fn^ , "il* a, oafi STfAnjMAIAH, K, (l»«9)t Cotttiwa o f foefc* 
Idiot throafH oFimaie a»f tnorgoiile oi^iaSsialf of ooU* 
; , nt^mt of oU-ottkoi on! oowfuft. CAbotr«)« .S£Stt«JtiLl 
aiwr^, n. 9. ana SltA^AHAIiill, I» <19^0)i Contwl of ploat ' 
ooraottie iKwftfeodof vlth orgonio soil *««nS»iiito« 
SIM!!, H. s, aaS !^ tfA!U»AIi«, E, <l<i?X)i Control of root-
knot th?oTti!h onpnlo oi^ imrffkaio «i«iaB<iDtf of ooUi 
If foot of Miiiiiot amS imir^iilo aitro^ o^Ei* IMli& I* 
ei!?o^, ^, s, noft Dl'SArj^iam^ K* C3.^1a)i Control of root* 
iEDot thTon^ Of gaolo ftiiS laopg^mlo inKisdsifiito of toll « ^ 
Effoot of oll«»oali«« ai^ sav^at* inlJAH J* b^CSSJU !!.• 
SI*lf ,^ s , p. <1981)f f*ttt€t«» on land B»imir*»«ot praotloo oa 
plant n«RaCodoa* M*U* HuadLit ^tlTS^ malin tTnlvortl^f 
MifavH* 
SITAHAMAIAH, !• , SfT,?!, % % an^ PiH.» % P» Cl'W4a)t Tha 
affaot of tha nasaona atnotT»li«ro oro^eatS in aaitiySaS roil 
on Off tiateh ef ||* iairyniea* J» Tfl*inl i Si * ^ ^ (Aba^.). 
•siTPHMr. Hm l» a»a F.wiwr.T'^ Ti^ , «. <l*i6S)i ^ant Dia. laptr* 
4» t 7SS aitifl iir 1* »^ Wimiloir ant i* ,^ Wllllt in 
TtaaiMiBta ffllltiilllfr ^ i^«S ^ 3^hi| «1* y^Aaty^ 48 99, 
SlfASEfWAl 
ai 
^ f a t t 
f4i»t44* 
.9. C» •« ana Mi^ mzAXinmilii (1974)1 Infiumaa of V« 1 
m K oa Hia rai^fara a«Mito(Sa.J* g^atfiafpif am! ita 
^fat on tlia rt^^ of okra. laiaian J. WaMatoi^ ^ j | t 
8IVAIim4H| C, 7* ana SMHADfll, A. 1, ( lW«)t l f f«ot of aoi l 
tailiiro oa Hia yaalfafti aaMtoda. %tr|ilWhliHll 
BnmmAn^ o« f» aaa 9wamn^ A» H. (if7fi)i matoaatiioioir 
of iftfaatioa W Mi* wmAmrm awatoiaii* yanli^ fwitf 
Xiittiavi aaS 01lir#M|i 1140 oa aaolor,, yap^a aaa t^aato* 
mim i* l M i £ j r « i»i*iti* ^ ^ 
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*SiCA1f»IL0?XC« T* C, (l»0O)t Control fR«lii»tt tw h—t niitroil— 
I rmtsMts villi %%#*tyl«lil»foi^«rl. «9«ti« ««IA* 
*iw%iK, T, B, AHA ^littK, !• n, ci^3>t i?f^ #et <»f •mgjjlttilrri'f^ 
a | | M on fwvtli of KontiiQlQr !»IQO f ra t t . J« lttibllfl^*f H * 
pothodo foiP nofvie vttli ^ a a t aaa mil nmrn^oAm^^ T/IIKIOII 
''•9P !%|otlr*t Ptatlonopy flffl««i, tlTO, 
*niJnSf, Sm F, «iKl HAWflSi, fr. f'» C 'i954)# %tato root otlnoni. 
! • A r«viow of si«»sttloa t» r<wii^?#i l a fflpo-tros*. *3M^ 
^iologitehoB 7«rff3t»«aira f f ^ t y ^ f a fffjl!aff!f* *F^if-
*3Tgl1f Bt 0, (1981>t ^«Mto4«i Qutt«o trfleooAoas evoi> iossot* 
^TmmmM\ s , (3,^3) t l « i elx«r»iMttiamt«r aot'iod oa 
Wijt^oiroiglljko «iiopirftMltiiir« nmmtoAm a l t vorttiLt 
stiWA^ f« e« Ci»»)t onttit nir*ioio«r A Trtaitao"* ib i . in , 
«iOifiiiBOTA, «• I . C»fX)i tHo «ffoa% #f fo r t t l l s i r t oa ttio 
a«aa«oi« Mttaft of ootlM l a f i ^ i iafootoA nim 
Sal JHUIM *i«i < I M ! ; " ^ ^ 
TiOtA, A* ir» Y« & KA!l9li, A. S. (lflf»)t f^o I^OtOfOtll^OitOil 
roMtloa of j y i a i H M i i t ^ aipafato mm oeaioalt«it 
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3|ftiiai|miii liiUUf i» ^'^ ff* •^^i* mmumyBimt 
§Si t o i l * 
m 08 f I 
WiSm 
f;.2i.ot, R, s, audi ^aoi«, B. l* n ivmx}% nmmtx^9*iriv^9 
ftaA t , 4» loiiA* («)•>« i^^t r^Mi^^ Iwiilyllli -^  
•TAr^ O'l, B» ?. aw! 'Tt^ Uf, ?• t). C11« )^i tat«r»aiatlo?»hl|i of 
'tf f t iun jj^ fljum ^ < ^ 
*f^l^, %, n. and Datrni"*?^ , D. K» Cl-n.-Dt ?h« af^aet «f atteporaa, 
^^aptiiivus am ^taaalaBi eo aaim^^a CAiahdtaBaiittid— 
biUUKl^ laf«statt<iii ami ft*ata ylidJL of two rlaa fiFla** 
Uaa tiii!«r Ual miiiprovaf %mm <Rx3.Hvatioa la Si«rim 
T^ AKHRy f<» l^ aail i>i4Sii&t ^* B» (11183) t iffaa% of faaial aata* 
'>alllr€»> aa 9%«A fwMlaatlaa ani aaaiXiag fyawtd af 
fimua^K^ I# IV ( I M i ) ! nata^iaa af aaU tai lara awl iafPAap* 
• a i l a f Hia alMiir «••% Msa^iia* BadtHMllalMb I t • 
T!foifi <s« K* aai iim9iiy>, i» (!»$§) i lataa aa Hia aaaaatatlaa 
a f aiaffa^aycaalaa aatf faa%a» J i i l lU i lH I I^M * i^«96« 
T©iil5lflBI&| 1 , t« ( I i T » t ittPHval a f 
w 1» flUKIi itt tua QataHa J|M»»Hlj>-«<«t 
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Jta* H i * lisH* 2A3L«9 JUBU ^%« 
of o*f*tot]i lfiortiAi« fiv%Uls«r« on tnyvival of 
ii«Miteaot la til o (ibs«iii« of liott* ^fiift, S3jJ|. IMUi 
3ei. 2fiM» JuaHtf .^ ^1^ III ifrt ^ 1*9* 
ttfrnt of d[lffr*«it toll t3n»#t on »!• diwwilty of 
fi«iMitodo p»pilatloB» XMJbUI !# IttiML»><8 * 4S»93. 
Hxporiinoo wl^ l) odAtTol of blaotc ofioi^ of tolMMoa 
In 3.09t« J^* MS> JaOl* !Utt* IlllUl*^J22* ^^* 
of ^ « oliiBliNa ooatmi of nifflftto^ot in •oil* Int Soil 
I>lfliifest«tlon, C^i. - D# »*alMtfrt ^tonlor ndoatlflo 
1^>1» ^o«, iiBistsfflPdiB, Oxf&ffl^  ?»«f York)* 
?Af nrtDT, ^. J>» ana ^ATftlt, f. '^ . <l<i6X:i taati«ii«oof 
Trf WfWllli «fito<t«ftynao on t^o «;!*oyt*3 «y9 lAtplQul 
ooSooiiHoa of ovuot t^vmnm s^toSlin"* In »9ll.» of 
fnnoni fKOlianfoabio onUon yntlo. ?f|f|0?ft1fni>lglBrt Sk* 
aai lioiatiiFo ^foott on tho 4l«y«l09ii«<nt of eltFBi 
TAlHlffin^ , •* 1^  (1983)t Otianfot la ifUMOt iirrewtiH. nonat^d* 
9a9ia.a^on and no^ulo laiS«c aa a Fatalt of Inoanlatton 
M l i f l t i n i T i i i f m i i ^ ^ ^ •^ ^ t ia ) 0iii%Mta« MA 
H B y B S S i u n ™ * * Ilui2» UlilLk ^ i i w ^ WaaltK 
inBTaiViVl^f Al l faYBa 
fASSAUfO, IC» A. (Iii7>i !r«MiHa|<lal fowar of Aaiionla. 
mmilBlirfmi l^« ^M* 
fAttrOKfA, H. »» «BS SIKKA, If. ». (I»41)i stodias ott tHa vaat* 
f«i Aiaaaaa of aatlaa in i^ mjato 1C, iffati af a#rliA» 
tmgL m Ilia mvrHi f f Mol vat itofi , l i O l n ^ i l l l i # 
lil»tJPLi ^s»^3k ml* iiiiBiiiia ME» SHU fiSS*. 
A t V19fTf UMMI* 
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f o i l * S f i * . j ^ I 977»SiO« 
viitiT^ i« ?• (ii*?!.) t i%i9i«a.atii»» of fioiiieijBflltti tiiiiilrfii 
Vi^itUv* to ^•ooaposfttie «itfOff«Mni» to l l «iiiiiiB«iiU« 
•^.^ir^, .?• f» ttni 1fillR!3D-t1ll*«, ?l. (l'»«f ) i l f*«ot of tiiaioiil* 
m^tr^ j ; T. cod f05T, ii, <lM»)t Botoetlott of lot loa 
BiBBtodoBOimlaUoa W di«eoB9otlaf sttTOfrooQias «i«n9-
:#.^ :iliACl, !!• tu <1^S6)t tho iffodt of to i l s^voioro on i B i ^ 
g«ii«o of IWPVfto f^ pOB m t of tw l»«oli oiltioini* 
Wi^ t»f«Cl| H, H* (198d)l ^ViRtBt of O^ KOTB* W« ZnflQiS^O of 
•o i l If90| aoistiipo ^m^lmt* anS f^st plaa^ roote on 
^ o i&fpmllofi of fOtBto W90% oil.iioi'B 1^ot|gttd|»m 
lo viirtiofti Biimiii, ffitiilrirtiHi f t »t9*9Si7 
MALI.401« H* «• (l9ftXll)l %OlO?f l»fltt«ROtBS» «ll# BHlitT of ftmAm^mm ImyvBo to riNioli liost 9l«Bt f«o%«« 1 M « I | 
maSSSSTm itliiKi i*«^«^ J« 4eMM30« 
inHiEiilinL 1» % C^it) i Ob;i«PfB%toB« OB tHo l»iiMiirioBy of 
wm,mB.% %iipm)t "t^ io stoiogr of nmt Pmm^fA^ v«Mio4oi« 
^AlXilffl, 8, 1* Cllii8)t f9%9V iBflBlBttiBff ^ « iBfOOMviV of 
| | § • iNNil44i 
)fAlK.AV| <s« '^ * ClftM)t fHo Uolofr of hmmm irtl.%« (PBauM 
Hooftfol* n* fwAUAmmw o^o^rfBUoBt OB molMr 
iBfo»iiMi» imtim i l HlMfc <liitMi>f M * n t « • « • 
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f• c$«mliiftH0ii of Hi* flfovof of etrtftlii ftogl In 
Bil.«tioB to 1f]Nlro«iik»loii ^iK$iiitr«UoB« iJiB* ^B» Jfij^ 
*WHi^ C!f?;i|i s , (]AMft)t WoohiAiitylnmf«ii avtsohtfi W«Mto<l«i 
'f'lTB, I,, T, {0^9)1 %e%ii.M»ot «i^ !?io soviliiiK dl««at« 
oonplMC of ootfeoa* JliBl £L2« 2i&^*f ifi. > ^^ *^ 
i*?r?Tnr^  i . D, iimi)% ?Vii«r«litlo offset t»<*tvotB HtlttSfiJKl 
i»oot 7i» nadltivo of foot of 2* of^Sft^ «DS 
•?"^ ir'T«W, ^, !)• (1*174)1 '>imwflstle off^t of , 2 C M M 
«;i|lMi ana a^SditlYo '^^ ''oot of ^, a o | « i i d » S m v l ^ 
SlI'SSl*'*^ -0?t>a«htt| o» «g?»«i%iiofe^  Fhytoiiat!ioy.ogryS4 i 
''tHITflf, S, D. «|3 DO f^^ i B. I,, (11^3) t ttlo offooti of 
root*Fot of 9a?oftooot* 1* JUE» 2ffi* MSiMStStMSk 
WtliLXS, c, S, (li7SI>t ^ffoet of •oil pH r»a rtpro^ittotloa of 
J» SlMiiiJUi^ ' ^l»t^A» 
wiL&XSy C« B^  <lV9<8)t iSffffOt of 90t«Mlf» fortUiefttioa mvA 
HSMUBUM^SM tltltllllil oa TioL^ oaA 9ot««ili»i ooAtmt of 
FOB 9MMw0r mOIS « lTULf«« j{» JMttUntiMf X ^ UlSwlsJi* 
1I0<»»^  !l« IH S« (]jl«7)i ?liroiolo«lool fitottt fotholoflr* 
*TlA7)ni» % % iWmU t f fot i of f«»liU««r ^ofttaoBt mA 
otoonnt roto oa pooturo B«ato4o pi9ia.oltoao tft a 
TOfff B, «,, fJXIKMy H. oaS CWlJ»ltA| H. I , (liiff)i If foot of 
tooMoldoo oai f^fHttlitoPo •Ingkf trn/H %m ooiftiMtiom on 
tiio ioot»im»t imiHiB## lafoott i t itiai* M i l l Jt* 
:54XTD| N, (197i)f I f foot of 4tff«P«ttt ftfo iPW^pt of loaoto 
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